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FOREWORD

This report is an adjunct to IHTRs 2269 and 2373, which addressed the explosive contamination levels to
which surfaces needed to be cleaned before being released for unrestricted use per DOD Instruction 6055.1. This
report also discusses three additional energetic materials: ammonium picrate, nitranol, and nitroglycerin. Also, a
new substrate, a transite simulant, was added to the matrix. This report also incorporates the findings from IHTRs
2269 and 2373.

The work reported herein was performed at the Indian Head Division, Naval Surface Warfare Center,
Indian Head, MD.

Joseph D. Anderson
Manager, Facilities Modernization Branch

Approved by:
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Rayfnond A. Geckle
Director, Casts Products Technology Division
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EXECUTIVE SUMMARY

The purpose of this study is to establish the nonreactivity levels for various explosive substances on wood,
steel, transite, and concrete. The nonreactivity level is the maximum concentration of a particular explosive on a
surface that does not result in a reaction when tested on a friction, impact, and electro-static discharge machines.

Various concentrations of different explosive substances were placed on surfaces of wood, concrete,
transite simulant, and steel and subjected to standard sensitivity tests.

The explosives were ammonium perchlorate, cyclotrimethylenetrinitramine, trinitrotoluene, cyclotetra-
methylene-tetranitramine, triaminotrinitrobenzene, high bulk-density nitroguanidine, nitrocellulose, trinitro-
phenylmethylnitramine, ammonium picrate, nitranol, and nitroglycerin.

Testing began at 750 micrograms per square centimeter (ug/cm?2) contamination levels. This contamination
level is easily achieved by conventional cleaning methods. If no reaction was observed at 750 pg/cmZ, no further
testing was performed and 750 pg/cm? was reported as the nonreactivity level.

The nonreactivity levels for friction on transite and wood for all explosives was 750 pg/cm? and also for all
explosives on concrete except ammonium perchlorate, cyclotrimethylenetrinitramine and trinitrotoluene, where
the nonreactivity level was reached at 200 pg/cm2. The nonreactivity level on steel was 500 pg/cm? for
ammonium picrate, high bulk-density nitroguanidine, nitrocellulose, nitranol and triamino-trinitrobenzene;
200 pg/cm? for ammonium perchlorate and trinitrotoluene; 100 pg/cm? for cyclotetramethylene-tetranitramine;
75 ng/em? for cyclotrimethylenetrinitramine and tetryl; and 25 pg/cm? for nitroglycerin.

The nonreactivity levels for impact were established at 750 pg/cm? for all explosives on transite, wood,
concrete, and steel except for nitrocellulose (500 pg/cm?) and nitroglycerin (25ug/cm?), respectively.

Electrostatic discharge testing was only performed on steel surfaces and reactions were observed for all
concentrations of explosives.
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DEFINITIONS

Allegheny Ballistic Laboratories, manufacturers of the friction and electrostatic discharge test
equipment.

Ammonium picrate (NH4CgH2(NO2)30). A yellow crystalline compound, highly explosive,
Class 1 Division 1 mass detonating explosive.

Ammonium perchlorate (NH4ClO4), an oxidizing agent. White crystals in its granular form.
When processed to less than 15 microns in size a Class 1 Division 1 (mass detonating) explosive.

Centimeter

Electrostatic discharge. In reference to test equipment that produces an electrical charge with a
fixed voltage and variable capacitance in an electrical circuit.

Grams

High bulk-density nitroguanidine (HoNC(NH)NHNOj7). A yellow solid soluble in alcohol.
Class 1 Division 1 explosive.

Cyclotetramethylene-tetranitramine. White crystalline compound. Very powerful explosive,
Class 1 Division 1.

Joule, a unit of measure for work or energy.
Kilo, symbol used to designate a value of 103.
Liter

Micro, symbol used to designate a value of 10-9.
Milli, symbol used to designate a value of 103,
Millimeter

Nitrocellulose (C¢H705(NO2)3). A cotton-like or pulp-like material of approximately 12.5 to
13.5% nitrogen used for explosives.

Nitroglycerine (CH)NO3CHNO3CH>NO3 ). A pale yellow, thick, flammable explosive liquid.

A combination of trimethylolethantrinitrate, triethylene glycol dinitrate, resorcinol, and ethyl
centralite.

vii
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NOS Naval Ordnance Station in Indian Head, Maryland, recently renamed as the Indian Head Division,
Naval Surface Warfare Center.

RDX Cyclotrimethylenetrinitramine ((CH2)3N3(NO2)3). White crystalline compound. Very powerful
explosive, Class 1 Division 1.

TATB Triaminotrinitrobenzene

Tetryl Common commercial name for trinitrophenylmethylnitramine. Yellow crystalline Class 1

Division 1 explosive.
TNT Trinitrotoluene (CH3CgH2(NO2)3). A class 1 Division 1 explosive.

Vv Volts

viii



IHTR 2573

CONTENTS
Heading Page
FOTE@WOTA ...ttt h ettt e at et bt e st et e e bt et e e bt e at e bt eb e eat et e e bt et e seeem e e besbeentenbesaeenes il
EXCCULIVE SUIMIMATY ....c.uviiiiiiiitiieeiieeciie et e et teestteestee e taeessbeeestseesssaeasseeesssaasssasassseesssaeassssasssessseeansseessseesssssenssesassesanes v
DIETINTEIONS ..ttt ettt ettt ettt ekt e e et e h e e et e bt eme e et eseem e e eaeem e e et eseemeeeeeemeenseemtentenseeseemteaseensenseaneensesseeneanseas vii
L 2 72163 € o 12T U 1
2.0 TSt DIESCIIPLIONS ...eeeteeeteetietieeite et et et e bt esttestteeateeate e bt e seesseesnseeaseenseenseesseesstesaseensenseesseesnseenseenseenseesseesnsesnseaas 2
3.0 DiSCUSSION OF RESULLS ....eoutiitiiiiiitie ittt ettt b e s bt s et e et e e st esheesateeabeeabeebeenbeennee 3
4.0 DISCUSSION «.euvtuieteeiiete ettt ettt et ettt e e st ea e et e ea e et e shees e e s bt eu e et e e bt ea b e steeseen bt sheemseebe bt eatenteebee b e sbeemtebeestenteeneeneen 9
APPendix A, THTR 2269 ......cooiieiiieieee ettt ettt ettt e st e s ate et et e bt e bt e sbeesateeatesasesnseeseeseenseesnees A-1
ApPpendix B. THTR 2373 ..o ettt ettt ettt ettt et e et e s e e st eneesseeneenseeseensenseeseensenseennanseeneensas B-1
APPENAIX C. TSt PLAN ...uviiviiiiiciiecicciee ettt ettt et et et e st e s b e e b e e saestaestaessseesseessasssessseesseessaesseesssensneans C-1
Appendix D. Method of Spiking Plates and ANVILS ..........cccecierierieiiieniiieit et seeesen e snnes D-1
Appendix E. Method Of EXTIACHION.......ccuiiiiiiiiiiieciee ettt ettt ettt e e tee e eb e e etaeesaveeessaeessseessseessseessseessseeanes E-1
Appendix F. Results 0f SeNnSitivity TESHINE .......cccvieviiiiiieriieriesieete et eieesieeseesvesreeseereesseeseaesssesssessaesseesssessneans F-1
Appendix G. Uniformity Study TeSt REPOTt .......cccviriiiciieiieiesiiece ettt este e e e esseesnees G-1
Tables
I Nonreactivity Levels fOr FIiCtion TeStS.......ccciiiiiiiiiiiesiecieeieeie ettt ettt eteesteesaeesaeesaneeas 3
II.  Nonreactivity Levels for IMPACt TESES ....ccccviiiiiiiiiiieeiie ettt ettt e sreeeteesveesteeeeveesebaessbeeesseeessseeanseeenes 4
IIL. ESD TSt RESUILS ...ttt sttt ettt e bt e s bt e s bt e s bt e sbe e eate et e ebeenbeesbeesaeeeas 4
IV. Contaminant and Solvents Used for EXITACTION ......ccouiruieriiniirieiiiieie ettt 6
V. Percent Recovery from EXtraCtions ........cccciiviiiiiiiiiieiiesieesiesiie ettt ettt ste st et eb e saeenteenteesteesaeesnneeas 7
Figures
1.  HMX Contamination With Red DYe.......ccciiiiiiiiiiiiiiiieiieee ettt ettt seae s sbessvessbeesbeessaessaenens 5
2. Uniformity Validation EXtraction RESULLS .........cceecuiiriierieiieiiesieecieeiteeeree ettt sseetaessaesnnesnne e 6
3. FTICHION PIALES ..c.ntiitiiiiieieee ettt ettt e b e b e b e e s bt e eat e eat e eat e et e e sbeesbeesateeabeembeenbeenbeenns 9



IHTR 2573

This page intentionally left blank.



IHTR 2573

1.0 BACKGROUND

The downsizing and closing of military facilities has generated the need to eliminate potential explosive
hazards from facilities and equipment previously used to process energetic materials. Testing for contamination
levels is an established practice; however, there are no established criteria for safe and acceptable levels of
contamination of facilities.

Small-scale sensitivity testing was performed to establish levels of contamination with appropriate safety
factors that could be shown not to exhibit reactions to normally executed construction practices, such as
equipment installation and facility remodeling. Wood, concrete, metal, and transite simulant anvils and plates
were prepared for use in the sensitivity testing equipment and then coated with a quantifiable amount of
contaminant on the testing surface. These plates and anvils were then subjected to impact, friction, and
electrostatic discharge (ESD) sensitivity testing, and observed for reactions to the stimuli.

Two phases of testing have been completed and reported previously. The first phase was documented in
Indian Head Technical Report (IHTR) 2269, Naval Surface Warfare Center, 30 June 2000, Sensitivity Testing of
Contaminated Surfaces to Establish Nonreactivity Levels of Ammonium Perchlorate, Cyclotrimethylene-
trinitramine, and Trinitrotoluene on Wood, Concrete, and Metal and nonreactivity levels were established for
these materials on the particular substrates. The report is provided as Appendix A.

The second phase increased the number of contaminants by including HMX, TATB, HBNQ, NC, and tetryl
and was reported in IHTR 2373, Naval Surface Warfare Center, 31 Aug 2001, Sensitivity Testing of
Contaminated Surfaces to Establish Nonreactivity Levels of HMX, TATB, HBNQ, NC, and Tetryl on Wood,
Concrete, and Metal. The report is provided as Appendix B.

This report covers the third phase that is intended to increase the database by adding the contaminants
ammonium picrate, nitranol, and nitroglycerin (NG). A new substrate, a transite simulant, was also added to the
test matrix. Transite is a common asbestos found in materials in buildings over 30 years old. Because of the
hazards associated with asbestos, a simulant was identified whose mechanical properties closely resemble transite.
Testing on the transite simulant includes analytes from the previous two phases in addition to the analytes tested
in Phase III. The test plan for this third phase can be viewed in Appendix C. Also included in Phase III were
uniformity of contamination and control tests. These additional tests were used to determine whether the
contamination process created a uniform concentration across the test surface of the friction plates and whether
transportation and handling of the plates and anvils affected the concentration of the contaminants on the surface
of the substrate.

This report presents the conclusions from the third phase of testing and incorporates the findings from the
previous reports into this report.
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2.0 TEST DESCRIPTIONS

The following are general descriptions of the preparation and testing performed in the third phase.

2.1 Anvil and Plate Preparation

The contamination area of the friction plate was marked. The entire surface area of the impact and ESD
anvils was used. The explosive to be tested was dissolved in an appropriate solvent. The quantity of solution
necessary to obtain the desired contamination level was then calculated and this amount placed uniformly over the
surface of the test item.

When dry, the test items underwent impact, friction, and ESD testing to determine at what concentration
there was a reaction, thus allowing a nonreactivity level to be assigned. The detailed method for spiking plates
and anvils can be found in Appendix D.

2.2 Controls

Control plates and anvils were contaminated with various concentrations of contaminants at the same time
as the test samples. They accompanied the test samples, but testing was not performed. These controls were then
returned to the analytical laboratory to have quantitative analysis performed to check the contamination level. The
analysis was to determine whether the degradation of the sample concentration was affected by handling.
Additionally, five friction plates were used to validate the uniformity of the contamination, two in the red dye test
and three in the mask extraction test. Two metal friction plates were sent to the analytical laboratory to be
contaminated at 200pg/cm2, and 750pug/cm? HMX levels. Red dye was added to the solution to help visualize the
uniformity of the contaminants. Three metal friction plates were sent to the analytical laboratory to be
contaminated with HMX at 50ug/cm?2, 100pg/cm2, and 500pg/cm’ levels. These plates were then tested for
uniformity of contamination in different areas of the plate. A mask consisting of five 1/2-inch circles were placed
on the plates and the contamination contained in the circle was removed from each test circle using swabs
saturated with acetonitrile, a solvent capable of removing the HMX. The extractions were then analyzed for
contaminant concentration. The result of extractions from the five different locations on each plate was then
compared to determine uniformity. The extraction and analysis methods for the control plates can be found in
Appendix E.

2.3 Impact, Friction, and ESD Testing
When contaminated with the appropriate contaminant at the proper level on the assigned substrate, the

samples were sent to the sensitivity laboratory to undergo impact, friction and ESD testing. Testing set up and
methodology can be found in Appendix F.
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3.0 DISCUSSION OF RESULTS

The results presented here include the information gathered and previously reported in IHTRs 2269 and
2373, which are included as Appendices A and B, Phases 1 and 2, as well as the results from Phase 3. The test
results from Phase 3 can be found in Appendix F.

Testing was started at 750 pg/cm? contamination levels. This level is easily achieved by conventional
cleaning methods. If no reaction was seen at 750 pg/cm?2, no further testing was performed and 750 pg/cm? was

reported as the nonreactivity level.

3.1 Friction Test

The nonreactivity values for the friction tests are summarized in Table I. These are the highest
concentrations tested that did not have a reaction.

Table I. Nonreactivity Levels for Friction Tests

Substrate On stee! On transi?e On wooq On concrgte
contaminant concentration | concentration | concentration | concentration
(Hg/cm?) (Hg/cm?) (Hg/cm?) (Hg/cm?)

Ammonium picrate 500 750 750 750
AP 200 750 750 200
HBNQ 500 750 750 750
HMX 750 750 750 750
NC 500 750 750 750
NG 25 750 750 750
Nitranol 500 750 750 750
RDX 750 750 750 200
TATB 500 750 750 750
TETRYL 750 750 750 750
TNT 200 750 750 200

3.2 Impact test

The nonreactivity levels for the impact test are shown in Table II. The nonreactivity level is the highest
concentration that did not achieve a reaction when subjected to the impact test.
during impact testing were with NC on steel at the 750 pg/cm? level and NG on steel at the 50 pg/cm? level.

The only reactions that occurred
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Table ll. Nonreactivity Levels for Impact

On steel On transite On wood On concrete
Substrate . . . )
contaminant concentration | concentration | concentration | concentration
(ug/cm?) (ug/cm?) (ug/cm?) (ug/cm?)
Ammonium picrate 500 750 750 750
AP 750 750 750 750
HBNQ 750 750 750 750
HMX 750 750 750 750
NC 500 750 750 750
NG 25 500 750 750
Nitranol 500 750 750 750
RDX 500 750 750 750
TATB 750 750 750 750
TETRYL 750 750 750 750
TNT 750 750 750 750

3.3 ESD Test Results

Table III contains the results of ESD testing. A reaction was observed for every sample at all levels.
However, the reactions were localized since the material around the strike zone was consumed but the rest of the
sample was intact. For a detailed discussion on this topic, see page 7 of Appendix A (IHTR 2269). In that report,
both fired and unfired samples were evaluated by Fourier transform infrared microscopy (FTIR) and scanning
electron microscope.

Table lll. ESD Test Results

Phase | Phase Il Phase Il
. contamination contamination contamination
Contaminant Substrate - . . Result
concentration concentration concentration
(uglcm?) (uglcm?) (uglcm?)
Ammonium picrate Steel 50, 75, 100 Reactions at all levels
AP Steel 50, 75, 100, 200 Reactions at all levels
HBNQ Steel 50, 75, 100 Reactions at all levels
HMX Steel 50, 75, 100 Reactions at all levels
NC Steel 50, 75, 100 Reactions at all levels
NG Steel 50, 75, 100 Reactions at all levels
Nitranol Steel 50, 75, 100 Reactions at all levels
RDX Steel 50, 75, 100, 200 Reactions at all levels
TATB Steel 50, 75, 100 Reactions at all levels
TETRYL Steel 50, 75, 100 Reactions at all levels
TNT Steel 50, 75, 100, 200 Reactions at all levels
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3.4 Controls Test Results
3.4.1 Uniformity, Red Dye Test
The two metal friction plates that were contaminated with red dye and HMX were inspected visually. The

plates appeared to have differences in coloration across the plate surface. This observation would tend to indicate
a variation in the concentration levels on the surface. Figure 1 shows the contamination process.

Figure 1. HMX Contamination with Red Dye

3.4.2 Uniformity Mask Extraction Test

The three metal friction plates contaminated with HMX at 50, 100, and 500 pg/cm? levels were evaluated
for uniformity of contamination. After analysis of the plates, it was observed that they were not contaminated to
the stated levels. A review of the calculations performed to determine concentration indicated a mathematical
error. Based on the discovery that the masked extraction plates were inaccurately contaminated, new plates and
anvils were prepared and the nonreactivity levels from previous testing were validated. All nonreactivity values
reported in the tables above were from the new set of data.

A decision was made to continue with the mask extraction test on the original plates. The actual
contamination levels on the plates were calculated to be 5.4, 11 and 54 pg/cm2. Another deviation from the test
plan was the number of swabs used to extract the contaminant at each location. The test plan required three swabs,
but was changed to four swabs after results of an extraction experiment showed better recovery with four swabs.
In addition the acetonitrile saturated swabs were blotted on a clean kimwipe to remove excess solvent prior to use.

The plates were visually inspected and analyzed by imaging software to map the contaminated surface of
the plate.
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The results of the study showed that the surface area was not uniformly contaminated but rather there were
pockets of high concentrations of contaminants along with areas that were not contaminated at levels required.
Figure 2 is a diagram showing where the plates were sampled. The sample locations on the plates contaminated
at the 11 and 5.4 pg/cm? levels are indicated by the red circles. Furthermore, the visible contamination area is
outlined in blue. The average value for the 11pg/cm? level plate is 16.6 pg/cm? with a standard deviation of 3.7.
The average value for the 5.4 pg/cm? level plate is 7.2 pg/cm? with a standard deviation of 2.1.

The detailed report of the uniformity study can be found in Appendix G.

#1-13 ug/em®

#2-18 ug/cm’
#3-22 ug/cm’

#4-18 ug/cm’

#5-12 ug/cm’

8 ug/cm’

9 ug/cm’

3 ug/em’

Figure 2. Uniformity Validation Extraction Results

3.4.3 Contamination Recovery Test

Control samples accompanied the test samples to determine whether transportation, or handling had an
effect on the concentration of contamination on the plates and anvils. When back in the lab, the test samples were
placed in a pan with a particular solvent and gently agitated by hand. Then the explosive was extracted. Table IV
shows the contaminant and the solvent used for the extraction. Table V provides the extraction results.

Table IV. Contaminants and Solvents Used for Extraction

Explosive Solvent Explosive Solvent
TATB Dimethyl-formamide NC Tetrahydofuran
AP Water HMX Acetonitrile
Nitranol Acetonitrile RDX Acetonitrile
Picrate Water TNT Acetonitrile
Tetryl Acetonitrile HBNQ Water
NG Acetonitrile
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Table V. Percent Recovery from Extractions

i . Spike R V
Explosive Test material (ugF/)cmz) e((:(f/)o )ery

Tetryl Cement anvil 200
Tetryl Resin anvil 500
Tetryl Cement plate 500 3
Tetryl Resin plate 500 6.5
HBNQ Cement anvil 500 ND
HBNQ Resin plate 200 15.5
HBNQ Cement plate 286 ND
AP Resin plate 750 23
Nitranol ESD anvil 75 ND
Nitranol Wood anvil 200 <5
Nitranol Resin anvil 500 <5
Nitranol Cement anvil 200 <5
Nitranol Metal anvil 200 ND
Nitranol Metal plate 500 ND
Nitranol Wood plate 500 <5
Nitranol Cement plate 500 <5
Nitranol Resin plate 500 <5
NC Resin plate 750 Interference
NC Cement plate 750 Interference
NC Cement anvil 200 Interference
HMX Cement anvil 750 52
HMX Cement anvil 500 15
HMX Cement plate 500 5
HMX Cement plate 500 18
TNT Resin plate 200 3
NG ESD anvil 50 ND
NG Cement plate 200 1
NG Wood plate 500 42.4
NG Metal plate 500 ND
NG Resin plate 500 ND
NG Cement plate 500 ND
Explosive D Wood plate 200 38
Explosive D Resin plate 200 8.6
Explosive D Cement plate 200 132
Explosive D Metal plate 200 12
Explosive D Resin anvil 200 103
Explosive D Wood anvil 500 14
Explosive D Cement anvil 500 65
Explosive D Metal anvil 200 125
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Recovery rates from the control samples were low. One explanation for such recovery rates in the case of
wood and concrete, is that the material simply soaked in and would not extract in solution. On the wood friction
plates the contaminant can still be observed soaked into the wood.

The control samples were extracted after the entire study was completed. This was several weeks after the
initial contamination was performed. In that time, the plates and anvils were moved to various locations for
storage. Of the harder, less porous materials, the low extractions could have been the result of the continuous
handling knocking off the contaminants and/or evaporation of the subject contaminants due to high volatilities.

A closer look at evaporation rates of the contaminants was performed. NG has a high evaporation rate and it
was determined that much of the contamination had evaporated over time, thus giving higher nonreactivity levels
than expected. The nonreactivity rate was initially for friction established for NG at 100 ug/cm? but after strictly
controlling the exposure time of the sample, the nonreactivity level was reduced to 25 ug/cm?.
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4.0 DISCUSSION

Based on the discovery that the masked extraction plates were inaccurately contaminated and on the poor
recovery rates from the control samples, new steel plates and steel anvils were prepared. All calculations for the
new plates and anvils were checked for accuracy prior to contaminating the anvils and plates. All weight and
volumetric data were cross-verified. The nonreactivity levels for the steel substrate from previous testing were all
retested and validated. All steel substrate nonreactivity values reported in the tables above were from the new set
of data.

Based on data from the uniformity study the samples tested did not contain a uniform concentration of
contamination. There were “hot” spots and “cold” spots. This means that some of the friction tests may have
occurred in a location of minimal contamination but others had to have occurred in areas of maximum
concentration. A look at the picture, Figure 3, shows that the entire area of the plate has been tested in the 20 shots
of friction testing and thus the maximum concentration areas were subjected to testing.

Figure 3. Friction Plates



IHTR 2573

This page intentionally left blank.

10



IHTR 2573

Appendix A

IHTR 2269

A-1



IHTR 2573

This page intentionally left blank.

A-2



Copy of IHTR 2269 IHTR 2573

Indian Head Division IHTR 2269
Naval Surface Warfare Center 30 June 2000
Indian Head, MD 20640-5035

SENSITIVITY TESTING OF CONTAMINATED
SURFACES TO ESTABLISH
NON-REACTIVITY LEVELS OF
AMMONIUM PERCHLORATE,
CYCLOTRIMETHYLENETRITRAMINE, AND
TRINITROTOLUENE ON WOOD,
CONCRETE, AND METAL

Anne Caris

Approved for public release; distribution is unlimited.

A-3



IHTR 2573 Copy of IHTR 2269

This page intentionally left blank.



Copy of IHTR 2269 IHTR 2573

Form Approved

REPORT DOCUMENTATION PAGE QMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data and comp and reviewing the ion of information. Send comments regarding the burden estimate or any other aspect of this
collection of information, including suggestion for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports. 1215 Jefferson Davis
Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction project (0704-01 88), Washington, DC 20503,

1. AGENCY USE ONLY (Leave Blank) |2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

30 June 2000 Final Report

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

SENSITIVITY TESTING OF CONTAMINATED SURFACES TO
ESTABLISH NON-REACTIVITY LEVELS OF AMMONIUM
PERCHLORATE, CYCLOTRIMETHYLENETRITRAMINE, AND
TRINITROTOLUENE ON WOOD, CONCRETE, AND METAL

6. AUTHOR(S)
Anne Caris
7. PERFORMING ORGANIZATIONS NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
. REPORT NUMBER
Indian Head Division IHTR 2269
Naval Surface Warfare Center
Indian Head, MD 20640-5035
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING AGENCY
REPORT NUMBER
11. SUPPLEMENTARY NOTES
12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

The rightsizing and closing of military establishments have generated the need to eliminate potential
explosive hazards from facilities previously used to process energetic materials. Testing for contamination
lefvte_:ls' is an established practice; however, there are no established criteria for safe levels of contamination
of facilities.

Small-scale sensitivity testing was performed to establish levels of contamination that would not
exhibit reactions to normally executed construction practices, such as equipment installation and facility
remodeling. Standard friction, impact, and electrostatic discharge (ESD) sensitivity tests were selected as
appropriate to simulate stimuli created by construction or remodeling operations. Wood, concrete, and
metal anvils and plates were prepared for use in standardized small-scale sensitivity testing C%UI ment and
then coated with a quantifiable amount of contaminant on the testing surface. These anvils an %ates_ were
then subjected to impact, friction, and ESD sensitivity testing and observed for reactions to the stimuli.
Results are given.

14. SUBJECT TERMS . 15. NUMBER OF PAGES
Sensitivity testing 142
16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR
NSN/640-01280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102

A-5



IHTR 2573 Copy of IHTR 2269

This page intentionally left blank.



Copy of IHTR 2269 IHTR 2573

FOREWORD

The work reported herein was performed at the Indian Head Division, Naval Surface Warfare
Center, Indian Head, MD, as part of our task to accomplish the explosive decontamination of the Naval
Weapons Industrial Reserve Plant located in McGregor, Texas.

Do

osegh D. Anderson
anpger, Plant Engineering and
Tool Design Branch

Approved by:

Raymond A. Geckle
Director, Cast Division

Released by:

N D

N. BeRucci
Head, Ordnance Department



IHTR 2573 Copy of IHTR 2269

This page intentionally left blank.



Copy of IHTR 2269 IHTR 2573

EXECUTIVE SUMMARY

This report documents the efforts pursued to identify levels of contamination in which no
detectable evidence of reaction was observed using standard sensitivity testing methodology. The testing
is necessary to establish a safe and acceptable level of contamination of facilities previously used to
process and manufacture pyrotechnics, explosives, and propellants.

Standardized small-scale sensitivity tests—impact, friction, and electrostatic discharge—were
conducted on contaminated surfaces. Wood, concrete, and metal surfaces were contaminated with
ammonium perchlorate (AP), cyclotrimethylenetrinitramine (RDX), and trinitrotoluene (TNT) at
quantifiable levels and observed for reactions to the testing stimuli.

Impact testing reached the 500-pg/cm’® contamination level with no reactions for all testing
surfaces with the three contaminants.

Friction testing reached the 500-pg/cm® contamination level with no reactions for wood surfaces
for the three contaminants. Testing was not performed at higher levels for the impact and the wood
surface friction tests because conventional decontamination efforts can easily achieve these levels.

Friction testing produced reactions at the 500-pg/cm’ contamination level for AP-, RDX-, and
TNT-contaminated concrete and AP- and TNT-contaminated metal surfaces. No reactions were
observed at the 200-pg/cm? contamination level for these surfaces.

Friction testing produced reactions at the 100-ug/cm” contamination level for the RDX-
contaminated metal surface. No reactions were observed at the 75-pg/cm” contamination level for this
surface.

Testing performed was unable to determine a non-reactivity level for electrostatic discharge
stimuli. Reactions were observed at all levels of contamination submitted for testing, the lowest level
being 50 pg/cm?. The stimuli applied appeared to have caused a localized reaction but was unable to
sustain a reaction throughout the entire sample of contaminant. Quantitative analysis performed on the
anvils that produced the positive reactions recorded varying amounts of contaminants remaining on the
testing surface.
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ABL

AP

cm

RDX

ESD

mm

NOS

TNT

DEFINITIONS

Alleghany Ballistic Laboratories, a subsidiary of Hercules Incorporated.
Manufacturers of the friction and electrostatic discharge test equipment.

Ammonium perchlorate (NH4ClO4). An oxidizing agent. White crystals in its granular
form. When processed to less than 15 microns in size, a Class 1 Division 1 (mass
detonating) explosive.

Centimeter.

Cyclotrimethylenetrinitramine ((CH,)3N3(NO;);). White crystalline compound. Very
powerful explosive, Class 1 Division 1.

Electrostatic discharge. In reference to test equipment that produces an electrical
charge with a fixed voltage and variable capacitance in an electrical circuit.

Grams.

Joule, a unit of measure for work or energy.
Symbol used to designate a value of 10°.
Liter.

Symbol used to designate a value of 107,
Symbol used to designate a value of 107°.
Millimeter.

Naval Ordnance Station in Indian Head, Maryland, recently renamed as Naval Surface
Warfare Center, Indian Head Division.

Trinitrotoluene (CH3CsH2(NO3)3). High explosive.

Volts.
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BACKGROUND

The downsizing and closing of military establishments have generated the need to eliminate
potential hazards from facilities previously used to process energetic materials. Testing for
contamination levels is an established practice; however, there are no established criteria for safe and
acceptable levels of contamination of facilities.

To establish levels of contamination with appropriate safety factors that could be shown not to
exhibit reactions to normally executed construction practices, such as equipment installation and facility
remodeling, small-scale sensitivity testing was performed. Wood, concrete, and metal anvils and plates
were prepared for use in the sensitivity testing equipment and then coated with a quantifiable amount of
contaminant on the testing surface. These plates and anvils were then subjected to impact, friction, and
electrostatic discharge (ESD) sensitivity testing and observed for reactions to the stimuli.
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TEST SURFACE PREPARATION

Manufacturing drawings of the impact anvil and friction plate specified for the NOS impact and
ABL friction test equipment were obtained. The metal anvils and plates were prepared per the drawing
specifications (Hercules Incorporated drawing numbers SE-SK 3810 and F255-0202 respectively). The
wood anvils and plates were prepared with dimensions consistent with the drawings. Figure 1 shows the
wooden and metal impact anvils prior to contamination and testing. Figure 2 shows the metal and
wooden friction plates prior to contamination and testing.

Figure 1. Wood and Metal Impact Anvils Figure 2. Wood and Metal Friction Plates

For the concrete plates and anvils, a metal shell was manufactured with overall dimensions
consistent with the manufacturing drawings, then filled with concrete to provide the concrete testing
surface. Figure 3 shows the empty metal shells for the friction plate and impact anvils. Figure 4 shows
the metal shells filled with concrete prior to contamination and testing.

Figure 3. Metal Shells for Concrete Friction Figure 4. Concrete Friction
Plate and Impact Anvil Plate and Impact Anvil
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No manufacturing drawing exists for the anvils used in the ABL ESD tester. The testing surface is
the top of a 1/4-inch-diameter cylinder protruding from a base plate, which provides the path to ground
for the electrical discharge. Figure 5 is a drawing of the anvil with the testing surface indicated. With
advice from sensitivity testing laboratory personnel and machining experts, a base plate was produced
with dimensions consistent with an existing anvil and a blind hole to facilitate inserts. The inserts were
precisely machined to provide maximum contact surface area with the base plate. Figure 6 shows the
base plate and inserts arranged in a holder prepared to be contaminated. Wood and concrete lack the
ability to effectively conduct an electrostatic charge. Without a path to ground, the charge will not pass
through the contaminant on the testing surface and no reactions would occur at any contamination level.
Therefore, only metal inserts were prepared for the ESD testing.

Testing
surface

Figure 5. Anvil Used on Electrostatic Figure 6. Electrostatic Discharge
Discharge Tester Base Plate and Inserts

Surface Contamination

Contamination of the testing surfaces was performed by the Applied Analytical Laboratory, Code
330, of the Test and Evaluation Department, Naval Surface Warfare Center, Indian Head Division. The
contaminants were deposited on the testing surfaces by drop-wise addition of a standard solution of the
materials. Figure 7 shows laboratory personnel applying the calculated amount of standard solution to
the ESD inserts with a graduated pipette. For example, the laboratory standard solution for
cyclotrimethylenetrinitramine (RDX) is at a concentration of 1.611 mg/mL. The following is a sample
math calculation used to determine how much of the standard solution is applied on an electrostatic anvil
to achieve a contamination level of 75 pg/cm?:

Aanvil = 1 = (3.14159)(0.3175cm)* = 0.317 cm?

Amount of contaminant required = (75 pg/cm?)(0.317 cm?) = 23.8 ug
Amount of standard solution required (X) = (uL/1.611 pg) = (X/23.8 pg)
X =(23.8g/1.611 pg)uL

X =14.77 pL
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Figure 7. Electrostatic Discharge Anvils Being Contaminated

To ensure the absence of breakdown products, artifacts of manufacture, or other impurities that
could affect the results of sensitivity testing, solutions of the contaminants were composed using ultra-
pure reference materials.

All the plates and anvils were labeled with a contaminant identifier and the level of contamination.
The sets of plates and anvils were packaged to ensure there was no contact between the testing surfaces
and other surfaces. Although trinitrotoluene (TNT) breakdown at ambient conditions should be minimal,
the set contaminated with TNT was boxed separately and the container purged with nitrogen and sealed
to prevent possible auto-oxidative or photolytic breakdown prior to testing.

The first set of plates and anvils were contaminated to a level of 200 pg/cm?. This translates to a
total of 7 mg of contaminant spread equally over an area of 10 by 3.5 cm on the friction plates. The area
of interest on the friction plate was marked to ensure that the material was deposited as evenly as
possible in the defined area and that the testing would also be confined to the contaminated surface. A
total of 1.5 mg and 0.06 mg of contaminant was deposited over the entire top surface of the impact and
electrostatic anvils, respectively, to attain the contamination level of 200 pg/cm’. Levels of
contamination were then either raised or lowered depending on the testing results of the 200-pg/cm®
contamination level. Table I lists all levels of contamination used and the amounts applied to the
different testing surfaces to attain the specific level of contamination.

Table I. Contaminant Amount Applied to Testing Surfaces

Contamination level Impact anvils ) Friction plates ) Electrostatic discharge an;/ils
(pg/cmz) (surface area = 7.54 cm®) | (surface area=35 cm®) (surface area=0.317 cm®)
(mg) (mg) (mg)
500 3.5 17.5 Not tested at this level
200 14 7 0.063
150 Not tested at this level 5.25 Not tested at this level
100 Not tested at this level 3.5 0.0315
75 Not tested at this level 2.63 0.024
50 Not tested at this level 1.75 0.016
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TEST DESCRIPTIONS AND RESULTS

Small-scale safety testing was performed on the wood, concrete, and metal anvils and plates
contaminated with ammonium perchlorate (AP), RDX, and TNT by the Explosives and Propellants
Division, Code 940, of the Patterson Laboratory and Pilot Plant, Indian Head Division. Three tests were
performed: the NOS impact test; the ABL friction test; and the ABL ESD test. Descriptions of the
equipment and specifics about the testing methods are given in Appendix A.

NOS Impact Test

NOS impact testing was conducted on impact anvils (wood
concrete, and metal) contaminated at the 200- and 500-pg/cm
levels. A drop height of 1,000 mm (maximum height available on
the NOS impact tester) with a 5-kg drop weight was used for all
anvils. The collision between the 5-kg weight and the anvil was
observed for any signs that the contaminant initiated, such as
smoke, spark, flame, or odor. If any one of these signs was
observed, a reaction (or fire) would be annotated on the test
worksheets. Each anvil was subjected to ten drops of the 5-kg
weight. No positive reactions were observed for any material at any
contamination level. The worksheets with raw test data for the
impact testing are in Appendix B. Higher levels of contamination
for impact testing were not pursued because conventional cleaning
techniques can easily achieve levels of 500 pg/cm” or lower.
Figure 8 displays three of the 500-pug/cm’ contaminated impact
anvils after testing was completed.

ABL Friction Test

ABL friction testing was conducted on friction plates (wood
concrete, and metal) starting at a contamination level of 200 pg/cm
for all three contaminants. The friction tester moves the plate under
a l-inch steel wheel that slides across the plate with a variable
pressure level. The speed at which the plate moves under the wheel
is also variable, but the standard speed (8 ft/s) was used for all the
friction plates. The pressure between the friction wheel and the
plate was set at the highest possible level (980 psig) for the metal
friction plates. The pressure used for the concrete plates was varied
to prevent the concrete from being destroyed. Due to the softness of
the wood, a maximum pressure of 180 psig was used on those plates
to keep the friction wheel from sinking too far into the wood. The
interaction between the wheel and the plate was observed for any
signs that the contaminant initiated, such as smoke, spark, flame, or
odor. If any one of these signs was observed, a reaction (or fire)
would be annotated on the test worksheets. Figure 9 shows three of
the friction plates after testing.

A-19
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Contaminated Wood Friction Plates: The wood friction plates contaminated with AP, RDX,
and TNT were tested at the 200- and 500-pg/cm® levels of contamination. There were no reactions
observed with the contaminants on the wood friction plates at either level. The worksheets with raw test
data sheets for the wood friction plates can be reviewed in Appendix C.

AP-Contaminated Concrete and Metal Friction Plates: The AP-contaminated concrete
and metal friction plates did not display any reactions at the 200-pg/cm” level, but positive reactions
were observed at the 500-pg/cm’® contamination level. The worksheets with raw test data for the AP-
contaminated concrete and metal friction plates can be reviewed in Appendix D.

RDX-Contaminated Concrete and Metal Friction Plates: The RDX-contaminated concrete
friction plate did not display any reaction at the 200- ug/cm level, but positive reactions were observed
at the 500-pg/cm” level. No iterations were done to pinpoint the maximum contammatlon level with no
positive reaction for the RDX-contaminated concrete friction plate. At the 200-pug/cm” contamination
level the only friction plate to show a positive reaction was the metal plate contaminated with RDX.
Thus, the RDX level of contamination for metal was reduced and retested at 150, 100, 75, and 50

g/cm Positive reactions were observed at the 150 and 100-pg/cm’ levels of RDX contamination, but
no reaction were observed at the 75- or 50-pg/cm’® levels. The worksheets with raw test data for the
friction testing of RDX-contaminated concrete and metal friction plates can be reviewed in Appendix E.

TNT-Contaminated Concrete and Metal Friction Plates: The TNT-contaminated concrete
and metal friction plates did not display any reactions at the 200-pg/cm” level, but positive reactions
were observed at the 500-pg/cm” contamination level. The worksheets with raw test data for the TNT-
contaminated concrete and metal friction plates can be reviewed in Appendix F.

Electrostatic Discharge Test

Electrostatic discharge testing was performed on the ABL Model 150 ESD tester using the base
plate and metal insert anvil described above. Figure 10 shows the assembled base plate and insert
installed in the ESD tester. A fixed voltage of 5.785 kV was applied to the testing surface. The highest
available capacitance of 8.33 J was used to complete the circuit. The anvil testing surface was observed
for any indications that the contaminant has initiated, i.e., any signs of spark, smoke, flame, or odor. If
any of these signs were observed, it was considered a reaction and was annotated as such on the test
worksheets.

Metal insert

Base plate

Figure 10. Electrostatic Anvil in Tester
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At the 200-pg/cm? Contamination Level: The AP-contaminated anvils had four no-reaction
shots before a positive reaction was observed. The RDX-contaminated anvils had five no-reaction shots
before a positive reaction was observed. The TNT-contaminated anvils had one no-reaction shot before
a positive reaction was observed. The worksheets with raw test data for the ESD testing are in
Appendix G.

At the 100-pg/cm? Contamination Level: The AP-contaminated anvils had ten no-reaction
shots before a positive reaction was observed. The RDX-contaminated anvils had three no-reaction shots
before a positive reaction was observed. The TNT-contaminated anvils had five no-reaction shots before
a positive reaction was observed. The worksheets with raw test data for the ESD testing are in
Appendix H.

At the 75-pug/cm? Contamination Level: The AP-contaminated anvils had zero no-reaction
shots before a positive reaction was observed as did the RDX-contaminated anvils. The TNT-
contaminated anvils had six no-reaction shots before a positive reaction was observed. The worksheets
with raw test data are in Appendix I.

At the 50-pug/cm? Contamination Level: The AP- and RDX-contaminated anvils had three
no-reaction shots before a positive reaction was observed. The TNT-contaminated anvils had zero no-
reaction shots before a positive reaction was observed. The worksheets with raw test data are in
Appendix J.

Characterization of Residue on ESD Anvils

Both fired and unfired ESD anvils were evaluated by Fourier transform infrared (FTIR)
microscopy and scanning electron microscopy to obtain a record of the condition of the surfaces before
any destructive analyses were performed. Appendix K contains the scanning electron micrographs of all
surfaces analyzed by FTIR. It was observed by the laboratory personnel that material that appeared
unburned remained on all fired anvils.

The residual RDX and TNT on the anvils were quantitatively analyzed for the weight of energetic
material present on the testing surface by high performance liquid chromatography and the residual AP
by ion chromatography. No significance decrease was seen in the relative amounts of TNT in the fired
versus unfired anvils. The amounts of RDX and AP recovered from the surfaces of the fired anvils
varied. However, it is important to note that RDX, TNT, and AP remained on all fired anvils. See
Appendix L for the test data on amounts of energetic material recovered from both fired and unfired
anvils.
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CONCLUSIONS

Impact testing reached the 500-pg/cm’ contamination level with no reactions for all testing
surfaces with the three contaminants.

Friction testing reached the 500-pg/cm® contamination level with no reactions for wood surfaces
for the three contaminants. Testing was not performed at higher levels for the impact and the wood
surface friction tests because conventional decontamination efforts can easily achieve these levels.

Friction testing produced reactions at the 500-pg/cm’® contamination level for AP-, RDX-, and
TNT-contaminated concrete and AP- and TNT-contaminated metal surfaces. No reactions were
observed at the 200-pg/cm? contamination level for these surfaces.

Friction testing produced reactions at the 100-pg/cm’ contamination level for the RDX-
contaminated metal surface. No reactions were observed at the 75-pg/cm’ contamination level for this
surface.

Testing performed was unable to determine a non-reactivity level for ESD stimuli. Reactions were
observed at all levels of contamination submitted for testing, the lowest level being 50 pg/cm?. The
stimuli applied appeared to have caused a localized reaction but was unable to sustain a reaction
throughout the entire sample of contaminant. Quantitative analysis performed on the anvils that
produced the positive reactions recorded varying amounts of contaminants remaining on the testing
surface.
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Appendix A

SMALL-SCALE SAFETY TESTS
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Small Scale Safety Tests

Naval Surface Warfare Center,
Indian Head Division

| Sponsored by
Explosives and Propellants Division

Code 940,
Patterson Laboratory & Pilot Plant

Instructors:

Philip Thomas
Danie]l Remmers
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Purpose of Safety Testing

» To provide information about the relative
hazards of a material before further work is
done.

 To provide information that can be used to
generate handling and processing
requirements.

» To obtain an official Interim Hazard

Classification (IHC) and Storage
Compatibility Code.
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IMPACT TESTS

& NOS Impact Test: This tester uses a 5 kg weight and

¥ type 12 tools. The Bruceton up and down method is
employed, yielding a 50% drop height in millimeters.

: A total of 25 drops are used for each test, and sample

| size is 35 mg per drop

ERL Bruceton Impact Test: This tester was
R | developed in the 1940s. It uses

'_ a 2.5 kg weight and type 12 tools.

= All samples, except for those

s containing AP, are placed on

‘| sandpaper for testing. A total of

25 drops are used for each test,

|
l
|
|

and sample size is 35 mg per drop.

B A noise meter determines a
" positive or negative result. The
50% drop height is given in centimeters.

BOE Impact Test: The Bureau of Explosives impact test is required for DOT
'__—s classification. A total of 10 drops are used per test, and samples are
10 mg in size. The drop height for solids is 4 inches, and the drop

| hclght for liquids is 10 inches. A sample must have less than 5

“ positives at the set level in order to pass the test.

i BIC Test: The Ballistic Impact Chamber test uses

*» a closed chamber of fixed volume and records the
pressure vs. time curve on an oscilloscope as the
sample reacts. This is a research tool which can
determine shock sensitivity.
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FRICTION TESTS

ABL Friction Test: This tester uses a steel wheel sliding 1” across the sample
on a steel plate. The pressure between the wheel and plate is varied, using 13
levels between 30 and 1000 psig, and
the threshold initiation level (TIL) is
determined. The threshold initiation
level is the level at which 20
negatives are observed with at least
one positive at the next higher level.
The speed of the plate can be varied
from 8 ft/sec to 1 ft/sec, however the
standard speed is 8 ft/sec. Sample
size is 35-45 mg per trial.

BAM Friction Test: This tester is from Germany (BAM stands for
“Bundesanstalt fur Material Prufung”) and is the NATO standard friction test.
It uses a porcelain peg sliding
back and forth 1 cm across

the sample on a porcelain
plate. The force between the
peg and plate is varied
between 6 and 360 newtons,
resulting in a TIL value with
10 negatives. Sample size is
35-45 mg per trial.
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ELECTROSTATIC DISCHARGE TEST

The ABL Electrostatic Discharge test
employs an approaching gap electrode with
a fixed voltage of 5.785 kV and a variable
capacitance. The 20 TIL value is
determined, ranging from 0.0084 to 8.33
Jjoules. Sample size is 35-45 mg per trial.

THERMAL TESTS

DSC & TGA: The Differential Scanning Calorimetry and Thermo-Gravimetric

Analysis tests use a very small sample, 5 mg or less, and a programmable heating
method capable of temperatures

ranging from ambient to 500°C.
The DSC measures heat flow
(endotherms and exotherms), and
the TGA measures weight loss.

! VTS: The Vacuum Thermal Stability test subjects a

1) 0.2 gram sample to 100°C for 48 hours under vacuum.
The gas evolved is measured via a mercury column, and
' is given in cm3/gram/hour. The temperature and

{ heating time can be varied for non-standard tests.
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SENSITIVITY RANGES
TEST ) HIGH MEDIUM LOW
IMPACT:
NOS impact, 50% height (mm) 13-63 63 - 398 398 - 1000
WO impact, 50% height (cm) 5-15 15 - 100 100 - 320
(ERL Bruceton machine)
SLIDING FRICTION:
ABL friction, 20 TIL (psig) 30 or less 40 - 420 560 - 1000
BAM friction, 10 TIL (newtons) 6 -54 60 - 144 160-360

ELECTROSTATIC DISCHARGE:
ABL ESD, 20 TIL (joules) 0.0084 - 0.023 0.037 - 0.853 1.72 - 8.33

NOTE: The TIL (Threshold Initiation Level) is the level at which 10 or 20 negatives
are observed with at least one positive at the next higher level.
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Important Issues
for Small Scale Safety Tests

« Data must be compared to that of known
standards--preferably tested under the same
conditions.

« Small sample sizes provide only moderate
reproducibility.

» Tests do not indicate how larger samples will
react under the same conditions.

» Test results only assess the onset stimuli, not
the severity of the reaction.

« Tests do not determine whether a detonation
~ will occur--you should assume it will.
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Appendix B

NOS IMPACT TEST RESULTS

A-33



IHTR 2573 Copy of IHTR 2269

This page intentionally left blank.

A-34



Copy of IHTR 2269

IHTR 2573

NOS IMPACT TEST

sample name: AP contaminated wood
sample ID: 0709«; Jem?
sample prep: residue
requester: Anne Caris, 2150K
operator: P. Thomas/T. Woodland

date: 6/7/99
temperature: 19 <
relative humidity: 48 %
surface: bare tools

height (mm)| result | comments NOS Impact tester
pre-shots --> 251 0 | no reaction with type 12 tools,
501 0 |no reaction 5 kg drop weight,
794 0  |no reaction building 888, room 105
1000 0 |no reaction
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
. 1000 0 ] 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
1 1000 100 2.0
12 0 no reactions 79 1.9
13 0 63 1.8
14 0 | 50 1.7
15 0 | 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height standard deviation

>1000 mm

—— log units
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NOS IMPACT TEST
sample name: AP contaminated concrete date: 6/7/99
sample ID: &OO/LQ/OM z temperature: 19 <
sample prep: residue relative humidity: 48 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments _ NOS Impact tester
pre-shots --> 251 0 |no reaction with type 12 tools,
501 0 |no reaction 5 kg drop weight,
794 0 |no reaction building 888, room 105
1000 0 |no reaction
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 100 2.0
12 0 no reactions 79 1.9
13 0 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 32 1.5
17 0 N 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
25 | 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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NOS IMPACT TEST
sample name: AP contaminated steel date: 6/7/99
sample ID: 205/, 2 temperature: 19 <
sample prep: residue relative humidity: 48 %
requester: Anne Caris, 2150K surface: bare tools
operator: P. Thomas/T. Woodland
height (mm)| result | comments - NOS Impact tester
pre-shots --> 1000 0 | noreaction with type 12 tools,
- 5 kg drop weight,
B building 888, room 105
available
shot # height (mm) reﬂ comments levels (mm)| log heights
1| 1000 0 - 1000 3.0
2 | 1000 | 0 ) 794 2.9
3 1000 0 L 631 2.8
4 | 1000 | 0 ] 501 2.7
5 1000 | © 398 2.6
6 1000 0 B - 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 N 158 2.2
10 1000 0 126 2.1
11 | 1000 | - 100 2.0
12 0 no reactions | 79 1.9
13 0 63 1.8
14 0 | 50 1.7
15 0 40 1.6
16 | 0 32 1.5
17 0 25 1.4
18 0 B 20 | 1.3
19 o i 16 [ 1.2
20 0 - 13 1.1
21 0 L
22 0 -
23 0
24 0 1 = positive (fire)
25 r 0 k 0 = negative (no-fire)

50% height
>1000 mm

standard deviation

—=— log units
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sample name

sample ID:

sample prep:

requester

operator

: P. Thomas/T. Woodland

NOS IMPACT TEST
: RDX contaminated wood date:
o?ogqg /W k3 temperature:
residue relative humidity:
. Anne Caris, 2150K surface

50% height

standard deviation

>1000 mm

—=— log units

A-38

height (mm)| result | comments
pre-shots --> 251 0 |no reaction
501 0 |no reaction -
794 0 |noreaction bu
1000 0 |no reaction
]
)
_shot# height (mm) result comments
1 1000 o
2 1000 0
3 1000 0
4 1000 0 n
J 1000 0 -
6 1000 | O
7 1000 0 ]
8 1000 0 ]
9 1000 0 -
10 1000 0
11 1000 ]
12 0 no reactions -
13 0
14 0
15 0
16 0
17 | 0 |
18 0
19 0
20 0 o
21 0
22 0 |
23 0 N -
24 |0
25 0

6/7/99
19 <
48 %
: bare tools

NOS Impact tester
with type 12 tools,
5 kg drop weight,

ilding 888, room 105

available
levels (mm)| log heights
1000 3.0
794 2.9
631 2.8
501 2.7
398 2.6
316 2.5
251 2.4
200 2.3
158 2.2
126 2.1
100 2.0
79 1.9
63 1.8
50 1.7
40 1.6
32 1.5
25 1.4
20 13
16 1.2
13 1.1

1 = positive (fire)
0 = negative (no-fire)
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IHTR 2573

sample ID:
sample prep:

requester:

operator.

NOS IMPACT TEST
sample name: RDX contaminated concrete date: 6/7/99
6)0%3 Jem temperature: 19
residue relative humidity: 48 %
- Anne Caris, 2150K surface: bare tools
: P. Thomas/T. Woodland
height (mm)| result |comments NOS Impact tester
pre-shots --> 251 0 | noreaction with type 12 tools,
501 0 |noreaction 5 kg drop weight,
794 0 |no reaction building 888, room 105
~ 1000 | O |[noreaction
|
available
shot # height (mm) result comments " levels(mm)| log heights
1 1000 0 1000 3.0
2 | 1000 | © 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 | 0 | - | 398 2.6
6 1000 | 0 316 2.5
7 1000 0 J 251 2.4
8 | 1000 | 0 | - 200 23
9 1000 0 158 2.2
10 | 1000 | O 126 2.1
11 1000 100 2.0
12 0 no reactions 79 1.9
13 0 ' 63 1.8
14 0 50 1.7
15 0 o 40 1.6
16 | 0 32 1.5
17 |0 25 1.4
18 0 20 1.3
19 0 ] 16 1.2
20 0 13 1.1
et | o | T
22 0
23 0
24 | 0 1 = positive (fire)
25 0 0 = negative (no-fire)
50% height standard deviation
1000 mm —— log units

>
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NOS IMPACT TEST
sample name: RDX contaminated steel date: 6/7/99
sample ID: o Qusg e temperature: 19 <
sample prep: residue relative humidity: 48 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 |no reaction with type 12 tools,

5 kg drop weight,

35 mg per drop,

building 888, room 105

available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 | 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 21
11 1000 100 2.0
12 0 no reactions 79 1.9
13 o | 63 1.8
14 0 50 1.7
15 | 0 | 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
2 o0 | [

23 0 )
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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NOS IMPACT TEST
sample name: TNT contaminated wood date: 6/8/99
sample ID:  o/0 Qug [ewm temperature: 19 <
sample prep: residue relative humidity: 48 %

requester: Anne Caris, 2150K
operator: P. Thomas/T. Woodland

surface: bare tools

_height (mm)| result | comments NOS Impact tester
pre-shots --> 251 0 |no reaction with type 12 tools,
501 0 |no reaction 5 kg drop weight,
794 0 |noreaction building 888, room 105
1000 0 | no reaction
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 - 1000 3.0
2 | 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 | 0 | 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 | 1000 | O | 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 000 | - 100 2.0
12 0 no reactions | 79 1.9
13| o | - 63 1.8
14 0 50 1.7
15 0 - 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
2y 0 4 1 = positive (fire)
25 0 x 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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NOS IMPACT TEST
sample name: TNT contaminated concrete date:  6/8/99
sample ID: &Dgué /m 2 temperature: 19 «
sample prep: residue relative humidity: 48 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments NOS Impact tester
pre-shots --> 251 0 | no reaction with type 12 tools,
501 0 |no reaction 5 kg drop weight,
7% 0  |no reaction building 888, room 105
1000 0 |no reaction
available
shot # height (nm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 ] 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 ‘ 100 2.0
12 0 no reactions ‘ 79 1.9
13 0 N 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units

A-42



Copy of IHTR 2269

IHTR 2573

sample name
sample ID
sample prep
requester

operator.

>

NOS IMPACT TEST
: TNT contaminated steel date: 6/8/99
P 00 Jom? temperature: 19
: residue relative humidity: 48 %
. Anne Caris, 2150K surface: bare tools
: P. Thomas/T. Woodland
height (mm)| result ‘comments B NOS Impact tester
pre-shots--> 1000 | O |no reaction with type 12 tools,
5 kg drop weight,
building 888, room 105
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 - 1000 3.0
2 1000 0 | 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0o 251 2.4
8 1000 0 200 2.3
9 | 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 N 100 2.0
12 0 | noreactions 79 1.9
13 0 | 63 1.8
14 F 0 50 1.7
15 0 - 40 1.6
16 0 B 32 1.5
17 o | | - 25 1.4
18 0 - 20 1.3
19 | 0 16 1.2
20 0 13 1.1
L 21 0
| 22 0
23 o | -
24 0 1 = positive (fire)
25 o | 0 = negative (no-fire)
50% height standard deviation
1000 mm —— log units
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NOS IMPACT TEST

sample name: AP contaminated wood date: 7/22/99
sample ID: 500 pg/cm?2 temperature: 20 <€
sample prep: residue relative humidity: 50 %
requester: Anne Caris, 2150K surface: bare tools
operator: P. Thomas/T. Woodland
height (mm)| result comments NOS Impact tester
pre-shots --> 1000 0 | no reaction with type 12 tools,
5 kg drop weight,
35 mg per drop,
building 888, room 105
available
shot # height (mm) result comments levels (mm), log heights
1 ] 1000 | o | | 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 N 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 100 2.0
12 0 no reactions 79 1.9
13 0 63 1.8
14 0 50 7
15 0 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 i 16 1.2
20 0 13 1.1
| 21 0
22 0
23 0
24 0 1 = positive (fire)
| 25 0 | 0=negative (no-fire)
50% height standard deviation
>1000 mm —— log units
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sample hame!
sample ID
sample prep
requester.

operator

>

NOS IMPACT TEST
: AP contaminated concrete date: 7/22/99
: 500 pg/em?2 temperature: 20
. residue relative humidity: 50 %
: Anne Caris, 2150K surface: bare tools
: P. Thomas/T. Woodland
height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 | noreaction with type 12 tools,
5 kg drop weight,
35 mg per drop,
building 888, room 105
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 ] 158 2.2
10 1000 0 126 2.1
11 1000 100 2.0
12 0 no reactions 3 ] 79 1.9
| 13 0 ' 63 1.8
14 0 ] 50 1.7
15 0 40 1.6
16 0 32 1.5
17 | 0 B 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0o | 13 1.1
21 0
| 22 0
23 0 -
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)
50% height standard deviation
1000 mm —— log units
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NOS IMPACT TEST
sample name: AP contaminated steel date: 7/22/99
sample ID: 500 pg/cm?2 temperature: 20 ©
sample prep: residue relative humidity: 50 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 | no reaction with type 12 tools,

5 kg drop weight,

35 mg per drop,

building 888, room 105

available
shot # height (mm) result comments levels (mm)| log heights

1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 ) 100 2.0
12 0 no reactions 79 1.9
13 0 ' 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 N 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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sample name:

sample ID

sample prep:

requester.

operator:

>

NOS IMPACT TEST
: RDX contaminated wood date: 7/22/99
: 500 pg/cm2 temperature: 20 «c
residue relative humidity: 50 %
: Anne Caris, 2150K surface: bare tools
: P. Thomas/T. Woodland
height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 | no reaction with type 12 tools,

5 kg drop weight,

35 mg per drop,

shot # height (mm)

result comments

available

building 888, room 105

levels (mm)% log heights

1 1000 0 1000
2 1000 0 794
3 1000 0 631
4 1000 0 501
5 1000 0 398
| 6 1000 0 316
7 1000 0 251
8 1000 0 200
9 1000 0 158
10 1000 0 126
11 1000 100
12 0 no reactions 79
13 0 ‘ 63
14 0 50
15 0 40
16 0 32
17 0 25
18 0 20
19 0 16
20 0 13
21 0
22 0 N
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height

standard deviation

1000 mm

—— log units
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NOS IMPACT TEST
sample name: RDX contaminated concrete date: 7/22/99
sample ID: 500 pg/cm?2 temperature: 20
sample prep: residue relative humidity: 50 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 |no reaction with type 12 tools,
5 kg drop weight,
35 mg per drop,
building 888, room 105
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 100 2.0
|12 | 0 no reactions 79 1.9
13 0 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 | 1 = positive (fire)
25 0 ‘ 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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sample name

sample ID

sample prep:

requester

operator:

>

3.0
2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1
2.0

ey
©

[ (U U U O G G-
S 0 WA OO N®

NOS IMPACT TEST
: RDX contaminated steel date: 7/22/99
: 500 pg/ecm2 temperature: 20
residue relative humidity: 50 %
: Anne Caris, 2150K surface: bare tools
: P. Thomas/T. Woodland
height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 |no reaction with type 12 tools,
B 5 kg drop weight,
35 mg per drop,
building 888, room 105
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000
2 1000 0 794
3 1000 0 631
4 1000 0 501
5 1000 0 398
6 1000 0 316
7 1000 0 251
8 1000 0 200
9 1000 0 158
10 1000 0 126
11 1000 100
12 0 no reactions 79
13 0 63
14 0 50
15 0 40
16 0 32
17 0 25
18 0 20
19 0 | 16
20 0 13
21 0
22 0
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)
50% height standard deviation
1000 mm —— log units
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NOS IMPACT TEST
sample name: TNT contaminated wood date: 7/22/99
sample ID: 500 pg/cm2 temperature: 20 «©
sample prep: residue relative humidity: 50 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result |comments NOS Impact tester
pre-shots --> 1000 0 |noreaction with type 12 tools,

5 kg drop weight,

35 mg per drop,

building 888, room 105

available
shot # height (mm) result comments _ levels (mm)‘ log heights

1 1000 0 ‘ 1000 | 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 100 2.0
12 0 no reactions 79 1.9
13 0 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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NOS IMPACT TEST
sample name: TNT contaminated concrete date: 7/22/99
sample ID: 500 pg/cm2 temperature: 20 <
sample prep: residue relative humidity: 50 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 |no reaction with type 12 tools,
5 kg drop weight,
35 mg per drop,
building 888, room 105
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 126 2.1
11 1000 100 2.0
12 0 no reactions 79 1.9
13 0 ‘ 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
| 25 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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NOS IMPACT TEST
sample name: TNT contaminated steel date: 7/22/99
sample ID: 500 pg/cm?2 temperature; 20
sample prep: residue relative humidity: 50 %
requester: Anne Caris, 2150K surface: bare tools

operator: P. Thomas/T. Woodland

height (mm)| result | comments NOS Impact tester
pre-shots --> 1000 0 | no reaction with type 12 tools,
5 kg drop weight,
35 mg per drop,
building 888, room 105
available
shot # height (mm) result comments levels (mm)| log heights
1 1000 0 ] 1000 3.0
2 1000 0 794 2.9
3 1000 0 631 2.8
4 1000 0 501 2.7
| 5 1000 0 398 2.6
6 1000 0 316 2.5
7 1000 0 251 2.4
8 1000 0 200 2.3
9 1000 0 158 2.2
10 1000 0 , ‘ 126 2.1
11 1000 100 2.0
12 0 no reactions 79 1.9
13 0 63 1.8
14 0 50 1.7
15 0 40 1.6
16 0 32 1.5
17 0 25 1.4
18 0 20 1.3
19 0 16 1.2
20 0 13 1.1
21 0
22 0
23 0
24 0 1 = positive (fire)
25 0 0 = negative (no-fire)

50% height standard deviation
>1000 mm —— log units
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Appendix C

ABL FRICTION TEST RESULTS FOR
CONTAMINATED WOOD PLATES
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sample name

sample ID:

sample prep
requester:

operator

1 = positive reaction (fire)
0 = negative reaction (no-fire)

20 TIL Friction:

ABL FRICTION TEST
: AP contaminated wood date: 6/8/99
070% [em 2 temperature: 26
: residue relative humidity: 42 %
: Anne Caris, 2150K

: T. Chesley/T. Tolson

psig

12 3 45 6 7 8 9 10 11 12 13 14
T

15 16 17 18 19 20

comments

980

750

T

560

420

315

235

180

no reactions

135

no reaction

100 |

no reaction

75

55

40

30

The threshold initiation level (TIL) is the level at which 20 negatives

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
-- psig and wood anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: RDX contaminated wood
sample ID: o?oo/ué /m 2
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Chesley/T. Tolson

date:  6/9/99
temperature: 26 <
relative humidity: 41 %

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

980

750

560

420

315

235

180 (0/0/0!0/0{0;0/0/{0/0]0|0/0]0]|0]0 ‘ no reactions

135 ] L
100

75

55

40

30

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: -~ psig and wood anvil, in building 888 room 104
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sample name

sample ID:

sample prep:

requester

operator

1 = positive reaction (fire)
0 = negative reaction (no-fire)

20 TIL Friction:

: TNT contaminated wood

o?a% [om

residue

: Anne Caris, 2150K

: T. Chesley/T. Tolson

psig

ABL FRICTION TEST

date: 6/9/99
temperature: 26 €
relative humidity: 42 %

1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 comments

980

750

560

420

315

235

180

no reactions

135

100

no reactions

75
55

40

no reaction

30

psig

The threshold initiation level (TIL) is the level at which 20 negatives

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
and wood anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: AP contaminated wood date: 7/28/99
sample ID: 500 pg/cm?2 temperature: 26
sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K
operator: T. Tolson

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
980
750
560
420
315
235 |0
180 |0/0/0/0,0)0/0|/0]0)/0/0)0]|0]|0}{0 no reactions
135
100
75
55
40
30

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: @  psig and steel anvils, in building 888 room 104
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sample name:
sample ID
sample prep
requester

operator

1 = positive reaction (fire)
0 = negative reaction (no-fire)

20 TIL Friction:

ABL FRICTION TEST

: RDX contaminated wood

: 500 pg/cm?2

: residue
: Anne Caris, 2150K
- T. Tolson

psig

1

2 3 45 6 7 8 9 1011 12 13 14 15

date: 7/28/99

temperature: 26
relative humidity: 42 %

16 17 18 19 20

comments

980

750

560

420

315

235

180

no reactions

135

100

75

55

40

30

0

psig

The threshold initiation level (TIL) is the level at which 20 negatives

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
and steel anvils, in building 888 room 104
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ABL FRICTION TEST

sample name: TNT contaminated wood date: 7/28/99
sample ID: 500 pg/cm?2
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Tolson

temperature: 26 <
relative humidity: 42 %

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

980 J

750
560

420

315

235

180 |[0/0(0/0]0|0/0/0|0]0|0|0/0|0O|0O/ O no reactions
135

100

75

55

40

30

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: O  psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST RESULTS FOR
AP-CONTAMINATED CONCRETE AND METAL PLATES
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ABL FRICTION TEST

sample name: AP contaminated concrete
sample ID: o?OQké Jem
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Chesley/T. Tolson

date: 6/8/99
temperature: 27 <
relative humidity: 42 %

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
980

750 [0]0
560
420
315
235
180
135
100 [0/0[0(0]0
75
55
40
30

comments

no reactions

no reactions

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: -- psig and concrete anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: AP contaminated steel date: 6/8/99
sample ID: p’?oo/g Jem temperature: 26 <

sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K

operator: T. Chesley/T. Tolson

psig 1 2
980 |00
750
560
420
315
235
180
135
100
75
55
40

3 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 comments
0/0/0[ololofo]ofof0] | no reactions

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: -- psig and steel anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: AP contaminated concrete
sample ID: 500 ng/cm?2
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Tolson

date: 7/29/99
temperature: 26 <
relative humidity: 42 %

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
980

750
560
420
315
235
180
135
100
75
55
40
30

red spark

0/0]0]1 red sparks
red sparks
red sparks
red sparks

O = o oo -
(=]
(=}
S
—_

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: Q@  psig and steel anvils, in building 888 room 104
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sample name: AP contaminated steel
sample ID: 500 pg/cm?2

sample prep: residue

requester: Anne Caris, 2150K

operator: T. Tolson

psig

ABL FRICTION TEST
date: 7/28/99
temperature: 26 C
relative humidity: 42 %

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

comments

980

750

560

420

spark

315

spark

235

[}
[}

spark

180

(== k=

no reactions

135

100

75

55

40

30

1 = positive reaction (fire)
0 = negative reaction (no-fire)

20 TIL Friction:

0

psig

The threshold initiation level (TIL) is the level at which 20 negatives '

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
and steel anvils, in building 888 room 104
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ABL FRICTION TEST RESULTS FOR
RDX-CONTAMINATED CONCRETE AND METAL PLATES
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sample name

sample ID:
sample prep:

requester.

operator

1 = positive reaction (fire)
0 = negative reaction (no-fire)

20 TIL Friction:

ABL FRICTION TEST

: RDX contaminated concrete

00
residue

9/ em™

: Anne Caris, 2150K

: T. Chesley/T. Tolson

psig

date: 6/9/99
temperature: 26 €
relative humidity: 42 %

12 8 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

980

750

| 560

420

315

235

180

135

100

no reactions

75

55

40

30

psig

The threshold initiation level (TIL) is the level at which 20 negatives

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

are observed with at least one positive at the next higher level.

and concrete anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: RDX contaminated concrete
sample ID: 500 pg/cm?2

date: 7/29/99

temperature: 26 «C
sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K
operator: T. Tolson
psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
980
750
560
420
315
235
180 |1 red sparks
135 | 1 red sparks
100 |1 red sparks
75 10/0,0/0]0]|1 red sparks
556 10/0]0]1 7 red spark
| 40 |1} | red spark
30

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: @  psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST

sample name: RDX contaminated steel date: 6/8/99
sample ID: p?()gu,é /“M 2 temperature: 27 «©
sample prep: residue relative humidity: 43 %
requester: Anne Caris, 2150K
operator: T. Chesley/T. Tolson

psig
980
750
560
420
315
235
180
135
100
75

55

40

30

8 9 10 11 12 13 14 15 16 17 18 19 20 comments
1 spark

| spark
0/0/0[0(0]0]|0]|0]0 no reactions

O |w
[=2FN
S o
O o

OO IO |-
O = O

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: -~ psig and steel anvil, in building 888 room 104
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ABL FRICTION TEST
sample name: RDX contaminated steel date: 7/27/99
sample ID: 150 pg/cm?2 temperature: 26
sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K
operator: T. Tolson
psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
980 |01 | » spark
750 |1 spark
560 |0,0]1 : spark
| 420 (0[0]0/0|0]0 1 spark
315 | 1 spark
235 |1 spark
180 001 spark
135 | 1 spark
100 |1 spark
75 001 spark
55 |1 spark -
40
30
1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives

0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: QO  psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST
sample name: RDX contaminated steel date: 7/27/99
sample ID: 100 pg/cm2 temperature: 26
sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K
operator: T. Tolson
psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
980 |1 spark ]
750 | 1 spark
560 |1 spark
420 |1 spark
315 |1 spark
235 [0/0]0/0]0|0]1 spark
180 | 1 spark
135 [0/0/0/0/0(0;0[0[0][0]0]0 no reactions
100
75 ]
755 —
40
30
1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.
Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: 0  psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST

sample name: RDX contaminated steel date: 9/22/99
sample ID: #1, 75 ug/cm?2 temperature: 26 <
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Chesley

relative humidity: 40 %

psig 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

5 6
olololololo]olololo]ololo]olo!0!noreactions

(=200 ")
O |w

980 |0

750

560

420

315

235

180

135

100

75

55

40

30

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives

0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: >980 psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST

sample name: RDX contaminated steel
sample ID: #2, 50 pg/cm?2
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Chesley

date: 9/24/99
temperature: 26
relative humidity: 40 %

psig 1
980 |0
750
560
420
315
235
180
135 -
100 |
75
55
40
30

9 10 11 12 13 14 15 16 17 18 19 20 comments
0/0/0[{0/0/0[0|0|0|0|0]|0|noreactions

[==J01 V)
S o
[==Ja. ]
(=Y

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: >980 psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST RESULTS FOR
TNT-CONTAMINATED CONCRETE AND METAL PLATES
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ABL FRICTION TEST

sample name: TNT contaminated concrete date:  6/9/99

sample ID: o?agué /M 2 temperature: 26 <
sample prep: residue

requester: Anne Caris, 2150K
operator: T. Chesley/T. Tolson

relative humidity: 42 %

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
980

750
560
420
315
235
180
135
100 |[0/0;0/0/0(0/0,0
75
55 , -
40

30

comments

no reactions

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one bositive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: -~ psig and concrete anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: TNT contaminated steel
sample ID: 9701)/%3 /W 2
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Chesley/T. Tolson

date: 6/9/99
temperature: 26 €
relative humidity: 42 %

psig 1 10 11 12 13 14 15 16 17 18 19 20 comments

9
0/0{0{0[0][0][0]|0]0|0]|0]|0|noreactions

<D o
O jw
S
O o
O o
(=3 N
O |

980 |0

750

560

420

315

235

180

135

100

75

55

40

30

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: >980 psig and steel anvil, in building 888 room 104
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ABL FRICTION TEST

sample name: TNT contaminated concrete date: 7/29/99
sample ID: 500 pg/cm?2
sample prep: residue
requester: Anne Caris, 2150K
operator: T. Tolson

temperature: 26 <
relative humidity: 42 %

psig
980
750
560
420
315
235
180
135
100
75
55
40
30

9 10 11 12 13 14 15 16 17 18 19 20 comments
0101 spark
spark
1 spark
spark
spark

S | w
[=RFN
(=
[=F-3
S oo

S (= (O

[,

[T KT K on S il e R e i e B Y

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction {no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: @  psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST
sample name: TNT contaminated steel date: 7/28/99
sample ID: 500 pg/cm2 temperature: 26 €
sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K
operator: T. Tolson
psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
980 |0/0;0/0/0/0,0/0/0/0/0)0]0 1 burn mark
750 [0/0]0/0/0[0]0 | |no reactions
560
420 | 0
315
235 |0
180 |0
135
100
75
55 )
40
30

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8 ft/sec, with steel wheels

20 TIL Friction: @  psig and steel anvils, in building 888 room 104
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ELECTROSTATIC DISCHARGE TEST RESULTS AT
200-pg/cm2 CONTAMINATION LEVEL
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sample name:
sample ID:
sample prep:
requester:
operator:

capacitance

u farad)

ABL ELECTROSTATIC DISCHARGE TEST

AP contaminated steel
200 pg/ecm?2

residue

Anne Caris, 2150K
T. Tolson

joules

6

date: 8/12/99
temperature: 26 <
relative humidity: 42 %

7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

0.5

8.33

0.25

spark

4.20

(=

001 spark

0.1
0.05

oo o=~
o lolow
o lolo s
o o= |

1.72

0.853

0.02

0.326

0.01

0.165

NOTE: tested on 20 sample

0.005

0.095

holders provided by 2150K

0.002

0.037

0.001

0.023

0.0005

0.015

0.0002

0.010

10.0001

0.0084

1 = positive reaction (fire)

The threshold initiation level (TIL) is the level at which 20 negatives

0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

20 TIL ESD:

Tested on ABL Mode! 150 ESD tester,

0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: RDX contaminated steel date: 8/13/99
sample ID: 200 pg/cm2 temperature: 26
sample prep: residue relative humidity: 42 %

requester: Anne Caris, 2150K
operator: T. Tolson

capacitance

pfarad)| joules 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

05 (833 |o0]ojololo]1 | sparks

025 1420 (0)0]0]|1 spark

0.1 172 10]0]/0{0](0|0j0|0(0]|0 spark

0.05 |0.853

0.02 |0.326

0.01 |0.165 NOTE: tested on 20 sample

0.005 |0.095 holders provided by 2150K |

0.002 |0.037

0.001 |0.023 ‘

0.0005 |0.015 |

0.0002 |0.010

0.0001 | 0.0084

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives

0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.
Tested on ABL Model 150 ESD tester,

20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: TNT contaminated steel

date: 8/13/99

sample ID: 200 pg/cm?2 temperature: 26 €
sample prep: residue relative humidity: 42 %
requester: Anne Caris, 2150K
operator: T. Tolson
capacitance
pfarad)| joules 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
05 1833 |01 spark -
025 (420 |0]0]|0|1 spark
0.1 172 {0/0]0]01 spark
0.05 10853 |0/0/0/0/0|/0/0]0]|1 spark
0.02 |0.326
0.01 0.165
0.005 {0.095 NOTE: tested on 20 sample
0.002 |0.037 holders provided by 2150K
0.001 ]0.023
0.0005 | 0.015
0.0002 | 0.010
0.0001 [0.0084 | | | |
1 = positive reaction (fire) The threshold initiation level (TIL) is the levei at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.
Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ELECTROSTATIC DISCHARGE TEST RESULTS AT
100-pg/cm2 CONTAMINATION LEVEL
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: AP contaminated steel date: 9/27/99
sample ID: 100 pg/cm?2 temperature: 25
sample prep: residue relative humidity: 41 %

requester: Anne Caris, 2150K
operator: T. Tolson

capacitance
(ufarad)| joules 1 2 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
05 (833 |00 ololof[1] | | | | | |white sparks ]
025|420 1 | | 1 | ‘ | |
01 |172 B ] || |
005 |0853 | | || |
0.02  |0.326
0.01 |0.165
0.005 |0.095 3
0.002 |0.037 | 1
0.001 [0.023 | |
0.0005 | 0.015
0.0002 0.010
10.0001 |0.0084 I H | ]

O | w
LR N
S o
O~

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: RDX contaminated steel date: 9/25/99
sample ID: 100 pg/cm?2 temperature: 25
sample prep: residue relative humidity: 40 %

requester: Anne Caris, 2150K
operator: P. Thomas/T. Chesley/T. Woodland

capacitance
ufarad)| joules 1 2
0.5 8.33 0l0
025 14.20 0)0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

4
1 | yellow flash
0/0]/0[0)1 yellow flash

OO | w

10.1 1.72

0.05 10.853

0.02 10.326

0.01 |0.165
0.005 |0.095

0.002 |0.037

0.001 |0.023

0.0005 | 0.015

0.0002 10.010

0.0001 | 0.0084

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: TNT contaminated steel date: 9/27/99
sample ID: 100ug/cm2 temperature: 25 «©
sample prep: residue relative humidity: 42 %

requester: Anne Caris, 2150K
operator: T. Tolson

capacitance
u farad)| joules 1
0.5 8.33 0
025 [4.20
101|172
0.05 [0.853
0.02 [0.326
0.01 0.165
0.005 |0.095
0.002 |0.037
0.001 ]0.023
0.0005 | 0.015
0.0002 | 0.010
0.0001 | 0.0084

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
1 orange sparks

SN
[N
<o o

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ELECTROSTATIC DISCHARGE TEST RESULTS AT
75-uglcm2 CONTAMINATION LEVEL
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sample name:
sample ID:
sample prep:
requester:

operator:

capacitance
y farad)

ABL ELECTROSTATIC DISCHARGE TEST

AP contaminated steel

75 pg/em2

residue

Anne Caris, 2150K

T. Tolson/T. Chesley/D. Remmers

date: 10/26/99
temperature: 29 <
relative humidity: 38 %

joules 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

0.5

833 |1] |

yellow sparks

0.25

4.20

0.1

1.72

0.05

0.853

0.02

0.326

0.01

0.165

0.005

0.095

0.002

10.037

0.001

0.023

0.0005

0.015

0.0002

0.010

0.0001

0.0084

1 = positive reaction (fire)
0 = negative reaction (no-fire)

20 TIL ESD: 0 joules

The threshold initiation level (TIL) is the level at which 20 negatives

are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: RDX contaminated steel date: 10/26/99
sample ID: 75 pg/cm2 temperature: 29 ¢
sample prep: residue relative humidity: 38 %

requester: Anne Caris, 2150K
operator: T. Tolson/T. Chesley/D. Remmers

capacitance

wfarad)| joules 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

s

0.5 8.33 yellow/orange sparks

0.25 |4.20

0.1 1.72

0.05 ]0.853

0.02 ]0.326

0.01 |0.165

0.005 |0.095

0.002 0.037

0.001 0.023

0.0005 {0.015

0.0002 |0.010

10.0001 |0.0084

1 = positive reaction (fire) The threshold initiation level (TIL) is the leve! at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: TNT contaminated steel date: 10/26/99
sample ID: 75 pg/em2 temperature: 26
sample prep: residue relative humidity: 38 %

requester: Anne Caris, 2150K
operator: T. Tolson/D. Remmers/T. Chesley

capacitance
u farad)| joules 1
0.5 8.33 0
0.25 ]4.20

0.1 1.72

0.05 0.853
0.02 ]0.326
0.01 0.165
0.005 |0.095
0.002 {0.037
0.001 |0.023
0.0005 |0.015
0.0002 |1 0.010
0.0001 |0.0084

[a=R§V)

7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
1 orange sparks

[=J N
O o

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher fevel.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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Appendix J

ELECTROSTATIC DISCHARGE TEST RESULTS AT
50-g/cm2 CONTAMINATION LEVEL
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: AP contaminated steel date: 10/26/99
sample ID: 50 pg/cm?2 temperature: 29 «©
sample prep: residue relative humidity: 38 %

requester: Anne Caris, 2150K
operator: T. Tolson/T. Chesley/D. Remmers

capacitance
u farad)| joules 1
0.5 8.33 0
0.25 [4.20

0.1 1.72

0.05 0.853
0.02 ]0.326
0.01 0.165
0.005 [0.095
0.002 10.037
0.001 |0.023
0.0005 |0.015
0.0002 [0.010
0.0001 | 0.0084

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
1 orange sparks

(=N V)
O W

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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ABL ELECTROSTATIC DISCHARGE TEST

sample name: RDX contaminated steel date: 10/26/99
sample ID: 50 pg/cm?2 temperature: 29 «©
sample prep: residue relative humidity: 38 %

requester: Anne Caris, 2150K
operator: T. Tolson/T. Chesley/D. Remmers

capacitance

p farad)| joules 1

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments
1 orange sparks

[} N )
D |w

0.5 8.33 0

0.25 |4.20

0.1 1.72

0.05 ]0.853

0.02 ]0.326

0.01 |0.165

0.005 |0.095

0.002 |0.037

0.001 10.023

S T R

0.0005 0.015

0.0002 | 0.010
0.00010.0084 -

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,
20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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sample name:
sample ID:
sample prep:
requester:

operator:

capacitance

W farad)

ABL ELECTROSTATIC DISCHARGE TEST

TNT contaminated steel date: 10/26/99

50 pg/em2 temperature: 26 ¢
residue relative humidity: 38 %
Anne Caris, 2150K

T. Tolson/D. Remmers/T. Chesley

joues 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

0.5

8.33

—

orange/yellow sparks

0.25

4.20

0.1

1.72

0.05

0.853

0.02

0.326

0.01

0.165

0.005

0.095

0.002

0.037

0.001

0.023

0.0005

0.015

10.0002

0.010 |

10.0001

0.0084 |

1 = positive reaction (fire)
0 = negative reaction (no-fire)

are observed with at least one positive at the next higher level.

Tested on ABL Model 150 ESD tester,

20 TIL ESD: 0 joules voltage = 5.785 KV DC, tested in building 888 room 104
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Appendix K

SCANNING ELECTRON MICROGRAPHS
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#HEB8u™
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1.308% 2.8 ky 19" AMRAY 10808*
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ESil R IL 32 SEng RO = [F IR

+UHEA*

IL #2 SBpg ROX

1868 mTorr

18pm

cB.8 kY #B8E1*
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ESD ANYIL #2 5

188 mlorr

— . =
iy

Ky 19 AMRAY #BBE1*
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E5I0 RRKIL, &S ?Bpg AP = UEFE TEED

188 mTorr

2.8 ky ™ AMRAY +OEE7*

ESI0 RRWIL &l E8ne RIP = [FIIRED

1868 mTorr

28.8 kv ™ ANMRAY P 2
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i.{

168 mnérr

#BBRS™

LINF TRETD

180 mTorr

#B88168™
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#4 S@ug AP — FIREDY

188 mTorr

8.8 ky PO AMRAY 1 1o

ANYIL #4 S@ug AP —

188 mTarr

188pm

8.8 kY +8BB3"
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ESI0 FAIL s St

1860 mlTorr

#6HE5™

&
168 mTﬂtr

1Bpm

1,888 ca.8 kY #08BG*
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E50 FANMIL &5 S8pg THU = WhF IFED

188 mTorr

2.8 ky ™ AMRAY +EEEE*

TRl &35 SEng TR = [FIRELC

188 mTorr

+0BOE*
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ESD ANYIL #5 SB8pg THT — UNMFIRED

180 mlTorr

#H0HA1™

FIRED

188 mTorr

#B0a8™
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W5 SElug THIT =

188 mTorr

2.8 ky ™ AMRAY #PRPE*

ESIl FERMIL &35 SEmng THT =

188 mTarr

5.8 Ky B9m ApIRAY +pBRGE*
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ANYIL #7 ?Spg ROX — UNFIRELD

1868 mTorr

#8014*

188 mTorr

#0911~
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RDX — LURKNF IRED

LY

188 mlorr

Ao
26.0 Ky 2T AMRAY #00915*

ESD ANVIL #7 7S5pg RDX — UNFIRELD

1868 mTorr

0.8 kY 29T AMRBAY +PR16*
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ESD

ANVIL #B8 7Sug ROX — FIRED

188 mlTarr

ca.@ kv 190 AMRAY AP 12*

B Fone FEOE = FIEED

16868 mTorr

#B8813™
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T
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ESD ANVIL #9 - 75
SF
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#HA12*

#8813*
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+0661*

#0081

A-125



IHTR 2573 Copy of IHTR 2269

188 " mTorr

#p0B2"
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e

fopg HF FIRED

188 mTorr

opia Ky 120 AMRAY $APAST

| ANV IL
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Appendix L

LEVELS OF ENERGETIC MATERIAL RECOVERED FROM ANVILS
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AP RESULTS

Calibration standards
amt. area -
102.6 9795896
10.26 1022799
1.026 109870
0.1026 12393

12000000

10000000 —
8000000 ( & Seriest
6000000
4000000

(=—Linear |
(Series1)

2000000

0 50 100 150

Method spikes showing recovery

spike amt. method % recovery
75 88.3
75 87.2
50 68.3
50 724
Anvil data
anvil # % recovery
3 15.8 Recovery from 50 mic
3-B 9.4
4 16 Recovery from 50 mic visibly reacted anvil
9 22.0 Recovery from 75 mic
9-B 12.4
10 7.4 Recovery from 75 mic visibly reacted anvil

ENCLOSURE %
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TNT RESULTS

Calibration standards

amt. area
10.2 417.86
1.02 34.82

23.6 835.33
102 3187.23

3500
3000
2500
2000
1500
1000
500
0

& Series1

e inear
(Series1)

0 50 100 150

Method spikes showing recovery

spike amt. method % recovery
50 9.0
50 97.0
Anvil data
anvil # % recovery
5 17.4 Recovery from 50 mic
5-B 23.7
5-C 3.7
6 2.5 Recovery from 50 mic visibly reacted anvil
11 6.2 Recovery from 75 mic
11-B 5.3
11-C 18.7
13 121 Recovery from 75 mic visibly reacted anvil

ENCLOSUruw 3
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RDX RESULTS

Calibration standards

amt. area
10.2 154.18
1.02 16.52

69.16 1179.56
102 1550.89

2000
1500
1000

500

0

& Series1 —\
&—Linear

(Series1)

0 50 100 150

Method spikes showing recovery

spike amt. method % recovery
75 96.2
75 92.8
50 96.4
50 96.7
Anvil data
anvil # % recovery
1 25.1 Recovery from 50 mic
1-B 33.3
1-C 33.0
2 28.5 Recovery from 50 mic visibly reacted anvil
7 31.4  Recovery from 75 mic
7-A 345
- 7-B 34.6
8 31.9

Recovery from 75 mic visibly reacted anvil
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FOREWORD

This report is an adjunct to IHTR 2269, which addressed the explosive contamination levels to which
surfaces needed to be cleaned before being released for unrestricted use per DOD 6055.1. This report deals with
five additional energetic materials—HMX, TATB, HBNQ, NC, and tetryl. Also, the three original energetic
materials, TNT, RDX, and AP, were tested for sensitivity on wood surfaces at the 750-pg/cm’ level. This report
should be used in concert with IHTR 2269.

This work was performed at the Indian Head Division, Naval Surface Warfare Center.
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anager, Fac111t1es Modernization Branch

Approved by:
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Director, Cast Products Technology Division

Released by:

Ao =D

N. Bertucci
Head, Applied Technology Department
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BACKGROUND

The downsizing and closing of military establishments have generated the need to eliminate potential
hazards from facilities previously used to process energetic materials. Testing for contamination levels is an
established practice; however, there are no established criteria for safe and acceptable levels of contamination of
facilities.

To establish levels of contamination with appropriate safety factors that could be shown not to exhibit
reactions to normally executed construction practices, such as equipment installation and facility remodeling,
small-scale sensitivity testing was performed. Wood, concrete, and metal anvils and plates were prepared for use
in the sensitivity equipment and then coated with a quantifiable amount of contaminant on the testing surface.
These plates and anvils were then subjected to impact, friction, and electrostatic discharge (ESD) sensitivity
testing and observed for reactions to the stimuli.

IHTR 2269, Sensitivity Testing of Contaminated Surfaces to Establish Non-Reactivity Levels of
Ammonium Perchlorate, Cyclotrimethylenetrinitramine, and Trinitrotoluene on Wood, Concrete, and Metal, 30
June 2000, reported on previous testing with AP, RDX, and TNT. This report gives results of testing with five
additional materials—HMX (cyclotetramethylenetetranitramine), TATB (triaminotrinitrobenzene), HBNQ (high-
bulk-density nitroguanidine), NC (nitrocellulose), and tetryl (trinitrophenylmethylnitramine). Also reported is the
sensitivity of the three original materials on wood surfaces at the 750-ug/cm’ level.
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APPROACH

We used several time-honored sensitivity tests for the hazard classification of energetic materials:

. Naval Ordnance Station (NOS) Impact Test
. Alleghany Ballistic Lab (ABL) Friction Test
. ABL Electrostatic Discharge test

These tests cover the gamut of stimuli expected to be experienced during the demolition/decontamination effort.

The procedures for these tests are well defined including the assembly of the test apparatus and preparation
of the specimen to be tested. The anvils/plates reflected the surfaces expected to be encountered—metal, wood, or
concrete. To determine the level to which contaminated surfaces must be cleaned, plates/anvils containing
increasing quantities of the energetic material were tested on the above apparatus until a “reaction” was achieved.
The level to which a surface must be cleaned was the next lowest level and one in which no reaction was
achieved. Since friction is the stimulus to be experienced most often, the maximum pressure of 980 psig was
assigned to depict the “worst case” situation.

To assure consistent and accurate deposition on the plates/anvils, the energetic materials were dissolved in
an appropriate solvent to a specified concentration. A pipette was used to apply the energetic material to the
surface.

Directions for sample preparation and testing were communicated to the laboratories via action memoranda
(Appendix A).
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DISCUSSION OF RESULTS

The results as reported by the laboratories (Appendix B) are straightforward and confirm engineering
analysis of on-site evaluations. However, one anomaly occurred in the HMX series. The 200-pg/cm’
sample reacted on the steel anvil while the 500-pg/cm” sample did not. This anomaly dictated a retest
of the HMX series especially since the RDX series exhibited reactions on steel at 100 pg/cm” with no
reaction at 75 pg/cm’.

All the contaminants presented “no reaction” at concentrations up to and including 750 pg/cm?® on
wood and concrete in the friction and impact tests.

All concentrations (50, 75, 100 pg/cm”) had at least one reaction to ESD. Examination of the
anvils/plates indicated only a minimal reaction.

Review of Appendix E of IHTR 2269 demonstrates “no reactions” at pressures below 980 psig on
RDX. This supports the contention that 980 psig represents the “worse case” situation.

Post-test inspections of the concrete-filled friction plates and raw test data indicated that the concrete
did not hold up to the friction wheel testing set at 980-psig pressure. Further evaluation of material
preparation is necessary. It is reasonable to use the non-reactive levels reported on the steel friction
plates for clearance.
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CONCLUSIONS

1. Structure surfaces need to be cleaned/decontaminated to 750 pg/cm’® or less. Steel surfaces
(equipment) must be cleaned to 500 pg/cm? or less.

2. To preclude initiation by ESD, all hands must be “grounded” in the mode specified in ordnance
industry safety manuals—conductive shoes/ground straps, cotton clothing, etc.

3. The HMX friction series was repeated with reactions at 100, 200 and 500 pg/cm’® per Memorandum
Report No. 3 (Appendix B). This validated the original no-reaction levels of 50 and 75 pg/cm’.
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Appendix A

ACTION MEMORANDA
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ACTION MEMORANDUM NO. 1

To: Laura Tinsley 3320J
From: Anne Caris 2150K

Subj: Test Sample Preparation, Request for

1.  Please prepare the plates and anvils provided with the energetics listed below by applying the
required quantity of solution (solvent as indicated) to realize the level of contamination listed.

2. Please provide a copy of your calculations of solution concentrations and quantity of solution to be
applied for each contaminant level.

Table 1. Required contamination
Contaminant Contaminant level Substrates Test
HMX- 50 pg/cm2 1 metal plate friction
Acetonitrile 75 pg/cm2 1 metal plate friction
100 pg/cm? 1 metal plate friction
200 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
500 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
750 pglcm? 1 wood plate, 1 concrete plate friction
200 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
500 pg/cm? 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
750 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
50 ug/cm® 20 metal anvils ESD
75 pglem? 20 metal anvils ESD
100 pglcm? 20 metal anvils ESD
HBNQ- 50 pg/cm2 1 metal plate friction
Water 75 pg/cm2 1 metal plate friction
100 pg/cm2 1 metal plate friction
200 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
500 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
750 pg/cm2 1 wood plate, 1 concrete plate friction
200 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
500 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
750 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
50 ug/cm® 20 metal anvils ESD
75 pglem? 20 metal anvils ESD
100 pglem? 20 metal anvils ESD
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NC- 50 pg/cm2 1 metal plate friction
Tetrahydra 75 pg/cm2 1 metal plate friction
100 pg/cm2 1 metal plate friction
Furan 200 pg/cm? 1 metal plate, 1 wood plate, 1 concrete plate friction
500 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
750 pg/cm2 1 wood plate, 1 concrete plate friction
200 pg/cm® 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
500 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
750 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
50 pglcm? 20 metal anvils ESD
75 pglem? 20 metal anvils ESD
100 pg/cm? 20 metal anvils ESD
TATB-Dimethyl 50 pg/cm? 1 metal plate friction
Formamide 75 pg/cm2 1 metal plate friction
100 pg/cm2 1 metal plate friction
200 ug/cm? 1 metal plate, 1 wood plate, 1 concrete plate friction
500 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
750 pg/cm2 1 wood plate, 1 concrete plate friction
200 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
500 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
750 pg/cm® 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
50 pglcm? 20 metal anvils ESD
75 uglem? 20 metal anvils ESD
100 pglom? 20 metal anvils ESD
Tetryl- 50 pglcm? 1 metal plate friction
Acetonitrile 75 pg/cm2 1 metal plate friction
100 pg/cm? 1 metal plate friction
200 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
500 pg/cm2 1 metal plate, 1 wood plate, 1 concrete plate friction
750 pglcm? 1 wood plate, 1 concrete plate friction
200 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
500 pg/cm? 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
750 pg/cm2 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
50 ug/cm® 20 metal anvils ESD
75 pglem? 20 metal anvils ESD
100 pglom? 20 metal anvils ESD
TNT- 750 pg/cm2 1 wood plate friction
Acetonitrile 2 . . ) .
750 pg/cm 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
RDX- 750 pg/cm2 1 wood plate friction
Acetonitrile 2 . . ) .
750 pg/cm 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
AP- 750 pg/cm? 1 wood plate friction
Water 2 . . . .
750 pg/cm 1 metal anvil, 1 concrete anvil, 1 wood anvil impact
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ACTION MEMORANDUM NO. 2

To: Sensitivity Lab
From: Anne Caris 2150K

Subj: Sensitivity Testing, Request for
1.  Please perform tests listed in the tables below.
2.  The plates and anvils will be delivered pre-contaminated and labeled to level of contaminations.

3.  Total number of friction plates to be tested = 58. Total number of impact anvils to be tested = 54.
Total number of ESD anvils to be tested = 300.

4. Please provide results per memorandum as soon as possible.

Table 1. Summary of required friction sensitivity tests

Test Contaminant Level of contamination Substrate Number of friction plates
to be tested

Friction HMX 50 pg/cm® metal 1
75 pglcm® metal 1
100 pglcm? metal 1

200 ug/cm? wood, concrete, metal 3 = 11
500 pg/cm2 wood, concrete, metal 3
750 pg/cm? wood, concrete 2
TATB 50 pg/cm? metal 1
75 pglcm? metal 1
100 pg/em? metal 1

200 pg/cm2 wood, concrete, metal 3 = 11
500 pg/cm2 wood, concrete, metal 3
750 pglcm? wood, concrete 2
HBNQ 50 pg/cm? metal 1
75 ug/em? metal 1
100 pglem? metal 1

200 pg/cm2 wood, concrete, metal 3 = 11
500 pg/cm2 wood, concrete, metal 3
750 pg/cm2 wood, concrete 2
NC 50 pg/cm® metal 1
75 pglcm? metal 1
100 pglcm? metal 1

200 pg/cm2 wood, concrete, metal 3 = 11
500 pg/cm2 wood, concrete, metal 3
750 pg/cm? wood, concrete 2
Tetryl 50 uglcm? metal 1
75 pglem® metal 1
100 pglem? metal 1

200 pg/cm2 wood, concrete, metal 3 = 11
500 pg/cm2 wood, concrete, metal 3
750 pg/cm2 wood, concrete 2
TNT 750 pg/cm? wood 1
RDX 750 pg/em® wood 1
AP 750 pglem? wood 1
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Table 2. Summary of required impact sensitivity tests
Test Contaminant Level of contamination Substrate Number of impact anvils to be
tested
Impact HMX 200 pg/cm2 wood, concrete, metal 3
500 pg/cm? wood, concrete, metal 3 = 9
750 ug/cm2 wood, concrete, metal 3
TATB 200 pg/cm? wood, concrete, metal 3
500 pg/cm2 wood, concrete, metal 3 = 9
750 pg/cm2 wood, concrete, metal 3
HBNQ 200 pg/cm2 wood, concrete, metal 3
500 pg/cm? wood, concrete, metal 3 = 9
750 ug/cm2 wood, concrete, metal 3
NC 200 pg/cm2 wood, concrete, metal 3
500 ug/cm? wood, concrete, metal 3 = 9
750 pg/cm2 wood, concrete, metal 3
Tetryl 200 pg/cm2 wood, concrete, metal 3
500 pg/cm2 wood, concrete, metal 3 = 9
750 pg/cm® wood, concrete, metal 3
TNT 750 uglcm? wood, concrete, metal 3
RDX 750 uglcm? wood, concrete, metal 3
AP 750 uglcm? wood, concrete, metal 3
Table 3. Summary of required ESD sensitivity tests
Test Contaminant Level of contamination Substrate Number of ESD anvils to be tested
ESD HMX 50 pglcm? metal 20
75 uglem? metal 20
100 pglcm? metal 20
TATB 50 uglcm? metal 20
75 ug/cm? metal 20
100 uglom? metal 20
HBNQ 50 pglcm? metal 20
75 uglem? metal 20
100 pglcm? metal 20
NC 50 pglcm? metal 20
75 ug/cm? metal 20
100 pglom? metal 20
Tetryl 50 uglcm? metal 20
75 uglem? metal 20
100 pg/cm? metal 20
4. Address any question regarding this memo to Anne Caris, at ext. 1892 or by email to

carisae@ih.navy.mil.
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Appendix B

RESULTS MEMORANDA
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MEMORANDUM REPORT NO. 1

To: Anne Caris 2150K
From: Laura Tinsley 3320J

Subj: Calculations to determine amount of standard solution to be applied to each testing surface.
Friction plate surface area = 10 cm x 4 cm = 40 cm?
Impact anvil surface area = (3.14159) x (3.175/2 cm)? = 7.54 cm?
ESD anvil surface area = (3.14159) x (.3175 cm)? = 0.32 cm?
Contamination levels for friction plates: 50, 75, 100, 200, 750 micrograms per square centimeter
Contamination levels for impact anvils: 200, 500, 750 micrograms per square centimeter
Contamination levels for ESD anvils: 50, 75, 100 micrograms per square centimeter
HBNQ standard solution is 0.01 grams/100 milliliter
for ESD anvil = (50 pg/cm?)(0.32 cm?)= 16 pg
(100 ml/0.01g) = (x/16 ng) X'=(16 pg)(100 ml)/(0.01g) = 0.16 ml or 160 pl
= (75 pg/cm?)(0.32 cm?) = 24 ug
(100 ml/0.01g) = (x/24 ng) X = (24 pg)(100 ml)/(0.01g) = 0.24 ml or 240
= (10 pg/cm?)(0.32 cm?) = 32 ug
(100 ml/0.01g) = x/32 ug) X = (32 ug)(100 ml)/(0.01g) = 0.32 ml or 320 ul
for impact anvils = (50 ug/cm?)(7.54 cm?) = 377 pg
(100 ml/0.01g) = (x/377 ng) X = (377 pg)(100 ml)/(0.01g) = 3,770,000 ml or
= (75 pg/cm?)(0.32 cm?) = 24 ng
(100 ml/0.01g) = (x/24 ng) X = (24 pg)(100 ml)/(0.01g) = 0.24 ml or 240
= (100 pg/cm?)(0.32 cm?) = 32 ug
(100 ml/0.01g) = (x/32 nug) X'=(32 ug)(100 ml)/(0.01g) = 0.32 ml or 320 ul
TATB standard solution is 0.004 g/100 milliliter
(50 pg/cm?)(0.32 cm2)= 16 pg
(100 ml/0.004g) = (x/16 png) X = (16 ug)(100 ml)/(0.004g) = 0.4 ml or 400 pl

(75 pg/cm?)(0.32 cm?) = 24 pg
(100 ml/0.004g) = (x/24 ug) X = (24 ng)(100 ml)/(0.004g) = 0.6 ml or 600 pl

(100 pg/cm?)(0.32 cm?) = 32 ug

(100 ml/0.004g) = (x/32 ug) X = (32 pug)(100 ml)/(0.004g) = 0.8 ml or 800 pl
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MEMORANDUM REPORT NO. 2

To: Anne Caris 2150K

From: Dan Remmers 9410G

Subj: Sensitivity Testing for Contaminated Steel, Wood, and Concrete

Ref: (a) Request by A. Caris, Code 2150K on 16 August 2000.

1. As requested by reference (a), small scale safety testing was performed on concrete, steel, and wood

contaminated with HMX, TATB, HBNQ, NC, tetryl, TNT, RDX, and AP. The tests and results are explained below,

and the individual test worksheets were provided.

2. ABL Friction

HMX: The 200 pg/cm2 concentration on the steel anvil had a positive reaction at 980 psig. All other concentrations

TATB:

HBNQ:

NC:

tetryl:

TNT:
RDX:
AP:

on steel (50, 75, 100, 500 ug/cmz) had no reactions at 980 psig.

All HMX concentrations on wood anvils (200, 500, 750 ug/cm?®) had no reactions.

All HMX concentrations on concrete anvils (200, 500, 750 pg/cm2) had no reactions.

All TATB concentrations on steel anvils (50, 75, 100, 200, 500 pg/cmz) had no reactions.
All TATB concentrations on wood anvils (200, 500, 750 ug/cm?®) had no reactions.

All TATB concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions.

All HBNQ concentrations on steel anvils (50, 75, 100, 200, 500 ug/cmz) had no reactions.
All HBNQ concentrations on wood anvils (200, 500, 750 ug/cm?) had no reactions.

All HBNQ concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions.
All NC concentrations on steel anvils (75, 100, 200, 500, 750 pg/cmz) had no reactions.
All NC concentrations on wood anvils (200, 500, 750 ug/cm?) had no reactions.

All NC concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions.

The 100, 200, and 500 ug/cm2 concentrations on steel had a positive reaction at 980 psig. All other

concentrations on steel (50, 75 ug/cmz) had no reactions at 980 psig.

All tetryl concentrations on wood anvils (200, 500, 750 pg/cm?) had no reactions.
All tetryl concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions.
750 ug/cm? on the wood anvil had no reactions.

750 pg/cm2 on the wood anvil had no reactions.

750 ug/cm2 on the wood anvil had no reactions.
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3. NOS Impact

HMX: All HMX concentrations on steel anvils (200, 500, 750 pg/cm2) had no reactions at the 1000 mm drop

TATB:

HBNQ:

NC:

tetryl:

TNT:

height.

All HMX concentrations on wood anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm drop
height.

All HMX concentrations on concrete anvils (200, 500, 750 pg/cm2) had no reactions at the 1000 mm
drop height.

All TATB concentrations on steel anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm drop
height.

All TATB concentrations on wood anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm drop
height.

All TATB concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm
drop height.

All HBNQ concentrations on steel anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm drop
height.

All HBNQ concentrations on wood anvils (200, 500, 750 ug/sz) had no reactions at the 1000 mm drop
height.

All HBNQ concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm
drop height.

The 750 ug/cm2 concentration on the steel anvil had a positive reaction at the 1000 mm drop height. All
other concentrations on steel (200, 500 ug/cmz) had no reactions at the 1000 mm drop height.

All NC concentrations on wood anvils (200, 500, 750 pg/cm2) had no reactions at the 1000 mm drop
height.

All NC concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm drop
height.

All tetryl concentrations on steel anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm drop
height.

All tetryl concentrations on wood anvils (200, 500, 750 ug/sz) had no reactions at the 1000 mm drop
height.

All tetryl concentrations on concrete anvils (200, 500, 750 ug/cmz) had no reactions at the 1000 mm
drop height.

750 ug/cm? on the steel anvil had no reactions.
750 pg/cm2 on the wood anvil had no reactions.

750 ug/cm2 on the concrete anvil had no reactions.
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RDX: 750 pg/cm2 on the steel anvil had no reactions.
750 pg/cm2 on the wood anvil had no reactions.
750 pg/cm2 on the concrete anvil had no reactions.

AP: 750 pg/cm2 on the steel anvil had no reactions.
750 pg/cm2 on the wood anvil had no reactions.
750 pg/cm2 on the concrete anvil had no reactions.

4. ABL Electrostatic Discharge

All concentrations (50, 75, 100 ug/cmz) of all contaminants had at least one reaction to electrostatic discharge.
The individual test sheets were provided, along with a list of the pin number and the reaction. The NC
contaminated pins were retested.

5. The tests were completed on November 2, 2000. Testing was conducted at NSWC Indian Head, in the

Hazard Characterization Lab, Building 888. If there are any questions, please call the Hazard Characterization
Group at 301-744-4109 or send a FAX at 301-744-4116.

Daniel Remmers
Hazard Characterization Group
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5100
Ser 9410G/16/dr
21 February 2001
MEMORANDUM

To: Anne Caris 2150K
From: Dan Remmers 9410G

Subj: SENSITIVITY TESTING FOR HMX CONTAMINATED STEEL
Ref: (a) Request by A. Caris, Code 2150K on 6 February 2001.

1. As requested by reference (a), ABL friction testing was performed on steel
contaminated with HMX. The concentrations provided were 200 and 500 pg/em2.

2. Both the 200 and 500 png/cm? concentrations on the steel anvil had positive
reactions at 980 psig. The individual worksheets are attached.

3. The tests were completed on February 13, 2001. Testing was conducted at
NSWC Indian Head, in the Hazard Characterization Lab, Building 888. If there
are any questions, please call the Hazard Characterization Group at 301-744-4109

or send a FAX at 301-744-4116.

Daniel Remmers ~
Hazard Characterization Group
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ABL FRICTION TEST

sample name: HMX contaminated steel date: 2/13/01
sample ID: 200 pg/cm2 temperature: 29 <
sample prep: residue relative humidity: 30 %
requester: Anne Caris, 2150K
operator: T. Tolson

psig {1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 2 comments
980 (11} | yellow sparks
| 750

560 | |
420 |
315
235
180 |
| 135 |
100 |

75

—_——1 S R E—— . O —

55

b ZX 4 [ DU S e L

40
30

1 = positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher level.

Tested on ABL friction tester; at 8B ft/sec, with steel wheels
20 TIL Friction: O psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST

sampte name: HMX contaminated steel date: 2/13/01
sample ID: 500 pg/cm2 temperature: 29 <

sample prep: residue

relative humidity: 30 %

requester: Anne Caris, 2150K
operator: T. Chesley

psig 1

2 3456 78 91011213 1151617 18 19 20 comments

980 |1

orangesparks

| 750
560 |
420

315

235

135

100
75

85 .

40
.30

1 = positive reaction (fire) The threshold initiation ievel (TIL) is the level at which 20 negatives
0 = negative reaction (no-fire) are observed with at least one positive at the next higher leval.

20 TIL Friction:

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
0 psig and steel anvils, in building 888 room 104
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5100
Ser 9410G/21/dr
12 March 2001

MEMORANDUM

To: Anne Caris 2150K
From: Dan Remmers 9410G

Subj:  SENSITIVITY TESTING FOR HMX CONTAMINATED STEEL
Ref: (a) Requests by A. Caris, Code 2150K on 23 February 2001.

1. Asrequested by reference (a), ABL friction testing was performed on steel
contaminated with HMX. The concentrations provided were 100 and 150 pg/cm?2.

2. Both the 100 and 150 pg/cm? concentrations on the steel anvil had positive
reactions at 980 psig. The individual worksheets are attached.

3. The tests were completed on February 28, 2001. Testing was conducted at
NSWC Indian Head, in the Hazard Characterization Lab, Building 888. If there
are any questions, please call the Hazard Characterization Group at 301-744-4109

or send a FAX at 301-744-4116.
Vit Slanq

Daniel Remmers
Hazard Characterization Group
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ABL FRICTION TEST

sample name: HMX contaminated steel date: 2/28/01
sample ID: 100 pg/cm?2 temperature: 28 <
sample prep: residue relative humidity: 31 %
requester: Anne Caris, 2150K
operator: T. Tolson

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

980 |01 spark
750

560
420
315
235
180
135
100
75
55
40
30

—i
1]

positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
negative reaction (no-fire) are observed with at least one positive at the next higher level.

o
Il

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: Q@  psig and steel anvils, in building 888 room 104
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ABL FRICTION TEST

sample name: HMX contaminated steel date: 2/28/01
sample ID: 150 pg/cm?2 temperature: 28 <
sample prep: residue relative humidity: 31 %
requester: Anne Caris, 2150K
operator: T. Tolson

psig 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 comments

| 980 |1 sparks

750

560

420

| 315

235

180

135

100

75

55

40

i 30

-y
I

positive reaction (fire) The threshold initiation level (TIL) is the level at which 20 negatives
= negative reaction (no-fire) are observed with at least one positive at the next higher level.

o
I

Tested on ABL friction tester; at 8 ft/sec, with steel wheels
20 TIL Friction: @  psig and steel anvils, in building 888 room 104
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Document Numbser 370020104

TEST PLAN
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ASSESS THE SENSITIVITY

OF CONTAMINATED SURFACES
TO ESTABLISH

NON-REACTIVITY LEVELS
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AMMONIUM PICRATE, TETRYL, NG, NITRONOL,
HBNQ, HMX, NC, TATB, TNT, RDX, AND AP
ON
WOOD, CONCRETE, METAL AND TRANSITE
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Drocument BNumber 3700201 08

1. Introduction

The purpose of these tesls is to assess the sensitivity of contaminated surfaces to establish non-reactivity
levels of AMMMOMNIUM PICRATE, TETRYL, NG, WITRONOL, HBNGQ, HMX, NC, TATE, TNT,
KX, and AP on woad, concrete, metal and transite.

1. Objectives
The objectives of this testing effort are to:

«  Determing the minimum explosive concentration level that will cause a reaction on an impact, friction
or ESD machine using various explosives at various contamination levels.

3. Test Methodology

2 metal friction plates will be sent to the analytical laboratory to be contaminated with red dye, HMX
and solvent at 200pg/em’ and 7S|:||.LH."L-"“IE levels, This will help visualize the uniformity of the
contaminates.

3 metal friction plates will he sent to the analytical laboratory to be contaminated with HMX at
51:Iug-'cm}. il.'lt,'lyg.l?:n]} and S-I::Illl]lp,E_."-:|1'|1 levels. Thess plates will then be tested for uniformity of
contamination in different areas of the plate. A mask consisting of five 4" squares will be placed on
the plates and samples from each test square will be taken using a swab saturated with a solvent
capable of removing the HMX, presumably acctonitrile (ACN). A minimum of three swabs will be
used at each test location (o ensure complete extraction,

The explasive o be tested will be dissolved in standard solution. The contamination ares of the plate,
oranvil (test item ) will be marked and the surface area calculated, The quantity of solution necessany
to deposit the desired contamination level will then be caleulated and this amount placed uniformly
over the surface of the test item,

Friction plates, impact anvils and ESD anvils with various explosives and at various concentrations
4 a - . . . . - -

will then be contaminated. Once dry, the test ftems will underga impact, friction and ESD testing to

determine at what concentration there may be a reaction.

Caontrol plates and anvils will be contaminated at various levels and carried around with the fest items
but nat tested. These contrals will then be retumed to the analvtical laboratory to have quantitative
analysis performed to check the contamination level. This is to see if degradation of the sample
congentration is affected by handling,
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TEST PLAN TO ASSESS THE SENSITIVITY LEVELS OF CONTAMIMATED SURFACES TO ESTABLISH
MOM=REACTIVITY LEVELS Document & 372109

4. Test Apparatus and Hardware

4.1. Friction Plates will be made of wood, metal, transite and metal filled with concrete, Figure 4.1
shows a typical friction plate and the area to he contaminated.

Y

[
al

l TOF VIEW OF PLATE |

Contamination Area

Figure 4.1, Typical Friction Plate

4.2, Impact Anvils will be made of wood, metal, transite and metal filled with concrete. Figure 4.2
shows a typical impact anvil. The whale top of the anvil will be the area of contaminaticn,

‘ |

1%" g

|

SIDE YIEW OF ANVIL

-

TOP YVIEW OF ANVIL

Figure 4.2, Typical Impact Anvil
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4.3, ESD Anvils and Holder will be made of metal. Figure 4.3 shows a typical ESD anvil and
halder.

033"

l l

Figure 4.3, Drawing of ESD Anvil

4.4, WOS Impact Tester with a 5 kilogram drop weight, type 12 steel striker, and supplied impact
anvils as outlined in table 5.1,

4.5 ABL Friction Tester with steel friction wheel and supphed friction plates as cutlined in takle
5.0, Plate velocity is 8 feet per second.

4.6  ABL Model 150 Electrostatic [ischarge tester, operating at 5.8 kilovolts, with supplied anvils
g outlined in table 5.1,

5 Test Articles

Table 5.1 contains the cantaminants and the levels w which the item is to be contaminated, the substrate
and test required,

Tahle 5.1. Hequired contamination
Contaminant Contaminant Level | Substrates Test
AMMONIUM | 50 pg/em’ | metal plate (1 for testing) friction
PICRATE 75 pglem’ | metal plate (1 for testing) friction
100 pgiem’ | metal plate (1 lor testing) friction
i 11] pg,"cm! 2 metal plate, 2 wood plate, 2 concrete plate, 2 friction
transite plate (1 for testing + 1 [or control)
500 pgfem® I metal plate, | wood plate, | concrete plate, friction
i | transite plate (1 for testing)
750 pefem® | wood plate, 1 congrete plate, | transite plate friction
{1 for testing)
50 p_g}'-:ml I metal anvil {1 for testing) impact
15 ug.f-:ml I metal anvil {1 for testing) impact
| i |.Lg,n"n:.':|r|2 | metal anvil {1 For testing) impact
3
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200 pglom’ | metal anvil, 1 wood anvil, 1 concrete anvil, | impact
transite anvil {1 for testing)

00 J,Lg,.-'l.:m2 2 metal anvil, 2 wood anvil, 2 concrete anvil, 2 impact
transite anvil (1 for testing + | for control)

750 pgr-’u_:m: | wood anvil, 1 concrete anvil, | transite anvil impact
(1 tor testing)

50 pgdem’ 21 metal anvils (20 for testing + 1 for contral) EsD

75 pgfem’ 20 metal anvils (20 for testing) ESD

100 pg/om’ 20 metal anvils (20 for testing) ESD

TETRYL 200 pafem’ | transite plate, | concrete plate (1 for testing) friction

500 pgfom’ 2 transite plate, 2 concrete plate (1 for testing + 1 friction
fior control)

750 pgﬁ.:nf | transite plate, | concrete plate (1 for testing) friction

200 pgfmnz 2 wransite anvil, 2 conerete anvil (I for testing + | | impact
fior control)

500 pefem’ I tramsite anvil, 1 conerete anvil (1 for testing) impact

750 pglem’ | transite anvil, 1 concrete anvil {1 for testing) impact

WG 50 pglem’ | metal plate (1 for testing) friction

75 plem’ I metal plate (1 For testing) friction

100 pgfem’ I metal plate (1 For testing) friction

200 ppiem’ 1 metal plate, 1 wood plate, | concrete plate, | friction
transite plate (1 for testing)

500 pelem’ 2 metal plate, 2 wood plate, 2 concrete plate, 2 friction
transite plate {1 for testing + 1 for contral)

750 pigfem’ 1 wood plate, | concrete plate, 1 transite plate friction
{1 for testing)

50 pglem® I metal anvil (1 for testing) impact

75 pglem’ 1 metal anvil (1 For testing) impaci

100 pgiem’ 1 metal anvil (1 Tor testing) impact

200 ppiem’ 2 metal anvil, 2 wood anvil, 2 concrete anvil, 2 impact
transite anvil (1 for testing + 1 for control)

500 pglem’ 1 metal anvil, 1 wood anvil, | conerete anvil, |1 impact
transite anvil {1 for testing)

750 pglom’ | wood anvil, | conerete anvil, I transite anvil impact
{1 for testing)

30 ygfcm:' 21 metal anvils (20 for testing + | for control) ESD

75 pglem’ 20 metal anvils (20 for testing) ESD

100 pgiem’ 20 metal anvils (20 for testing) ESD
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Contaminant | Contaminant Level | Substrates Test
NITROMAL 50 pglem’ 1 metal plate (1 for testing) Triction
75 pglom’ | metal plate (1 for testing) [riction
104 yg,.l'c:mf' | metal plate (1 for testing ) friction
200 pglom” | metal plate, | wood plate, 1 concrete plate, | friction
transite plate (1 for testing)
500 pgiem’ 2 metal plate, 2 wood plate, 2 concrete plate, 2 friction
transite plate (1 for testing + | for conteal)
750 yg.-'cm? 1 wood plate, 1 concrete plate, | transite plate friction
(1 far testing)
50 pglem’ | metal anvil (1 for testing) impact
75 pgfem’ I metal anvil (1 for testing) impact
100 pafom® | metal anvil {1 for testing) impact
200 pglom® 2 metal anvil, 2 wood anvil, 2 concrete anvil, 2 impact
transite anvil (1 for testing + 1 for control)
500 peem® | metal anvil, | wood anvil, 1 concrete anvil, | impact
transite anvil (1 [or testing)
T30 pg,-’cm} | wood anvil, 1 conerete anvil, | transite anvil impact
(1 for testing)
50 pglen’ 20 metal anvils (20 for testing) ESD
75 pefem’ 21 metal anvils {20 for testing + 1 for contral) ESD
100 pa/em? 20 metal anvils (20 for testing) ESD
HEM( 200 pgfem? 2 tramsite plate, 2 concrete plate (1 for testing = 1 [ friction
for contral)
00 peiem’ | transite plate, | concrete plate (1 for testing) friction
750 pgf-.:m:' I transite plate, 1 concrete plate (1 for testing} friction
200 pg."mn" | transite anvil, | concrete anvil {1 for testing) impact
500 pefem? 2 transite anvil, 2 concrete anvil (1 for testing + 1 | impact
fior control)
750 pglem’ | transite anvil, | concrete anvil {1 for testing) impact
HMX 200 pglem’ | transite plate, | concrete plate (1 for testing) friction
500 pglem’ 2 transite plate, 2 concrete plate (1 for testing + | friction
for contral}
750 pg/em’ 1 transite plate, 1 concrete plate (| for testing) friction
200 p_@-’crnJ 1 transite anvil, 1 conerete anvil (1 for testing) impact
500 pgiem® 1 transite anvil, 1 conerete anvil (1 for testing) impact
750 pgiem’ 2 transite anvil, 2 concrete anvil (1 for testing + 1 | impact
for control)
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Contamingnt | Contaminant Level | Substrates Test
NC 200 pg/em’ | transite plate, 1 concrete plate (1 for testing) friction
500 pglem’ | transite plate, 1 concrere plate (1 for testing) friction
750 pglem’ 2 transite plate, 2 concrete plate (1 for testing + 1 | friction
for control)
200 pgfem’ 2 transite anvil, 2 concrete anvil (1 for testing + 1 | impact
for control)
500 pg."cm: 1 transite anvil, | concrete anvil (1 for testing) impact
750 p..lg,."-:mz 1 transite anwvil, 1 concrete anvil (1 for testing) impact
TATE 200 pefem’ 2 teansite plate, 2 concrete plate (| for testing -+ 1 | [riction
f for control}
500 pefom® 1 transite plate, 1 concrete plate (1 for testing) friction
750 pglem’ 1 transite plate, 1 concrete plate (1 for testing) friction
200 pglem’ 1 transite anvil, 1 concrete anvil (1 for testing) impact
500 pgiem’ 2 transite anvil, 2 concrete anvil (1 for testing + 1 impact
for control)
750 pglem’ 1 transite anvil, 1 concrete anvil (1 for testing) impact
THT 200 pg.-'cmf 2 transite plate (1 for testing + 1 for control) friction
500 peiom’ 1 transite plate (1 for testing) [riction
750 pplem’® 1 transite plate (1 for testing) friction
200 pgiem® 2 transite anvil (1 for testing + | for control) impact
300 ;1g.l'um3 | transite anvil (1 {or testing) impact
750 ;1g.|'c:n13 | transite anvil (1 for testing) impact
RDX 200 pglem’ 1 transite plate (1 for testing) fricticn
300 yg.-'l:mt 2 tranzite plate (1 for testing + 1 for control) fricticn
750 ugfem’ 1 transite plate (1 for testing) friction
200 pglom’ | teansite anvil (1 for testing) impact
500 pglem’ 2 teansite anvil (1 for testing + 1 for control) impact
750 le."L!l'I.'lz | transite anvil (1 for testing) impact
AP 200 pg/cm’ 1 transite plate (| for testing) friction
00 pglem® 1 transite plate (1 for testing) [riction
750 pglem’ 2 transite plate {1 for testing + 1 for control) friction
200 pgiem® | transite anvil (1 for testing) impact
500 J.Lg.-'u::m3 | transite anvil (1 for testing) impact
750 pglom’ 2 transite anvil (1 for testing + | for eontral) impact
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6. Pre-Test Inspections and Preparation.

6.1 Pre-Test Photographs — digital images of all the contaminated plates and anvils will be taken for
documentation purposes.

6.2 Visuvally inspect all test items after contamination and before testing.
7. Test Proceduore for Contamination of plates and anvils

7.1 The goal in contaminating the plates and anvils is to contaminate at the testing level requirement
in a uniform fashion. To achieve this goal, a selvent containing the explosive is spread over the
surface to he contaminated. When the solvent evaporates, the surface is contaminated with the
explosive at the appropriate level. A micropipette is used to dispense the cxact amount of
explosive salution needed to contaminate the surface. The pates and anvils are allowed o air-
dry in the chemical hood.

7.2 The two eriteria for seleeting a solvent are how well the explosive disselves in it and how
quickly it evaporates. Crystals of explosive will tend 1o form around a seed crystal. 1t is
anticipated that concentrated solutions that evaporate quickly will result in more seed crystals
and therefore a more even distribution of explosive on the surface,

7.3 Plates and anvils are rejected i the explosive solution rens cutside of the contamination ares. [F
this occurs, the plate or anvil is cleaned and recontaminated.

8. Test Procedure for Impact Friction and ESD Tests
E.1 Impact Test Procedure

S0P PI0981 is the procedure used 1o test materials on the MOS Impact tester. Procedures
specific to this test plan are as follows:

4.1.1  Replace the standard steel anvil with the supplied contaminated anvil to be tested.

£.1.2  Place the standard steel striker on the anvil and drop the weight from 1000 millimeters,

£.13 Record any of the following as a positive reaction: sparks, flame, smoke, noise beyond
ambient impast naise, burn marks, charring. Record the type of reaction when a positive
GECUrs.

8.1.4  Ifa negative reaction cecurs, repeat steps 8,1.2 and £.1.3 until 10 negative reactions are
recorded,

£.1.5  Afier the test, remove but do not clean the anvil.
8.2 Friction Test Procedure

S0P 30979 is the procedure used to test materials on the ABL Friction tester. Procedures
specific (o this test plan are as follows:

C-12
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£2.1 Replace the standard steel friction plate with the supplied contaminated plate to be tested.
§22  Lower the steel wheel onto an untested and contaminated arca of the plate and pump the
pressure to 980 psig.

8.2.3  Drop the pendulum from the § feel per second position,

8.2.4  PRecord any of the following as a positive reaction: sparks, flame, smoke, noise beyond
ambient friction noise, burn marks, charring. Record the type of reaction when a positive
OCCUrS,

8.2.5  If a negative reaction occurs, repeat steps 8.2.2 through 8.2.4 until 20 negative reactions
are recorded.

8.2.6  Afler the test, remove but do not clean the plate.

8.3 ESD Test Procedure

S0P P309935 is the procedure used to test materials on the ABL Electrostatic Discharge tester,
Procedures specific to this test plan are as follows:

8.3.4

8.3.5

3.3.6

[nstead of the standard sample holder, use the supplied sample helder that has removable
anvils.

Place an untested contaminated ESD anvil into the sample halder and place the sample in
the tester,

Charge the 0.5 microfurad capacitor (8.33 joules) and discharge the spark into the sample,
Fecord any of the fallowing as a positive reaction: sparks or fame bevond ambient spark
discharge, smoke, noise beyond ambient spark discharge, burn marks, charring. Record
the type of reaction :-L'hen a positive oocurs,

[Fa positive occurs proceed to the next higher sensitivity level.

Repeat steps 8.3.2 through 8.3.4 until all 20 anvils are tested.

9. Test Procedure for Quantitative Analysis

&1

9.2

Several different control test items will be contaminated and walked through all the
procedural steps without heing subjected to any testing.  These control test items will be
returnied Lo the analytical laboratery to be tested for posttest contamination levels,

Onee returned Lo the lab the explosives are removed from the plates using the appropriate
solvent. The plates are sonicated in the appropriate solvent. The resulting solution is
filtercd through a 0.435-micron filler, Solvent contaminated with explosive is then placed
in a 2-milliliter crimp-top vial. High Performance Liquid chromatography is used to
quantify the explosive in solution. The HPLC eluant is 60:40, acetonitrile: water, the
flow rate is 1ml‘min, and & C- 18 column is used. The system utilizes a diode array
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detector monitoring 254 L. Generally, a lve-point calibration is performed using ulira-
pure explosive standards, The calibration range is appropriate for the test matrix,
generally part per million (PPM) to 200 PPM. The calibration curve is linear with-in the
lest range, and a correlation coefficient of 0,99 or greater is required prior o analysis.

10, Test Procedure for Uniformity of contamination levels,

1.1 A mask will be made and placed on the friction plate over the contamination arca Figure
10.1.

10,2 Samples from each friction plate will be taken using a swab saturated with a solvent
capable of remaving the HMX, presumably acetonitrile (ACN). A minimum of three
swibs will be used at each test location to ensure complete extraction see Figure 10,2,

10.3  The three swabs will be transferred to & single scintillation vial and [0-15 milliliters of
ACM will be precisely added by a previously calibrated, class A, pipette Figure 10.3.
The HMX will be extracted from the swabs by either time dissolution or gentle ultra-
sonication. The extraction times will be carefully monitored and recorded to ensure
consistent results. Onee extracted, the resulting solutions will be filtered through a (045
um filter into HPLC autosampler vials and placed in the instrument for analysis.

104  The extracted samples will be analyzed by High Performance Liquid Chromatography
(HPLC). Analytical standards will be run at the beginning and again at the end of each
batch of samples to verify that the relationship between instrument response and HMX
concentration remains constant. A batch will consist of all samples taken from a single
friction plate: a single injection of procedural blank (X1, duplicate injections of
sampling positions (1 = 31, and a single injection of procedural blank (X2). Once the
analysis is completed. the concentration of HMX for each position will be caleulated and
provided for comparizon.

10,5  The complete process, mentioned above, would be repeated for all friction plates that are
provided to the Iabu.ramry for analysis, presumably three (3) friction plates.

NOTE: It should be mentioned that this test is designed to verify homogeneity of the
contaminated test area, not the accuracy of the contamination process, The latter would
require a complete extraction of the contaminated surface; it is my impression that this
has been performed previously.
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11. Hold Fire Criteria
Thers are minimum criteria that should be met if testing is to occur. For this test they include:
1.1 Mo pre-test photograph of test item
11,2 Uniform contamination of test samples.
12. Post-Test Requirements
12,1 Data is unofficial until contral samples have been analyzed for concentration of explosive.
12.2 All anvils and plates will be visvally inspected and all anomalies noted.
12,3 Digital photos of all tested plates and anvils,
13. Data Assessment
The following parameters will be assessed.
3.1 Uniform Contamination of sample

13.2 Level of contamination that causes a reaction,

14, Test Reporting

A technical report of the results will be submitted, The repart will be provided by THDIY, Code
ITOLA and 370PW, by mid July 2003 and will include:

14,1 Test Drescription and results.

*

14.2 Pholos
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1.0 Introduction
The pumpess document is to establish the method used for contimination of testing plates wnd
anvils with uniform distributions of AMMONIUM FICEATE, TETEYT, NG, NITRONAL,
HENQ, HMX, NC, TATE, TN'T, RDX, and AP

The spiking of plates and anvils was done in accardance with the TEST PLAN TO ASSESS
THE SEMSITIVITY LEVELS OF CONTAMINATED SURFACES TO ESTABLISH NOM.
REACTIVITY LEVELS, document number 3T0A2/105,

2.0 Objective
The ohjective of this document is to detail the method for spiking uniform explosive levels on
the test materials; friction plates, and anvils, These test materials will be used in subsequent
sengitivity testing.

3.0 Apparatus

31 Tpact Test

The anvils supplied by Code 370 personnel were eylindrical in shape, with the dimensions
1.25 inches long with = 1.25 inch diameter, For this test seres, the standard steel, type 12
anvil, with the aforementioned dimensiong, was replaced with anvils of the same
dimensions made of the desipnated materials, wood, concrete, mefal and ransite.

3.2 Friciion Tes

The friction plates supplisd by Cede 370 personnel were of the same dimensiong ag the
standard friction plate, .25 by 6 inches. For fhis test serics, the steel type plate was
replaced with plates made from the designated materials, wood, concrete, metal and
Iramsite.

i3 EXD Test

The anvils supplied by Code 370 personnel were cylindocal in shape, with the dimensions
0,25 inches long with & (.25 inch dinmeter. The anvils used were the standard steel type
anvils.

34 Laboratory reagenis
All pengents used were HPLC Grade or better. The reagents used for this test series
inclede acetonitrile, acetone, and methanol and 18 olm water.

25 (hlver materinls
A 10000l eppendor? pipetie or equivalent, digital camera, Olympos D-300L, o7 equivalent.

4.0 Procedures

41 Proparation of spiking selurions

Solutions were prepared using TATH, AP, NITRONAL, TETRYL, NG, WC, HMX, THT,
and HBNG supplisd by Code 210, AMMONIUM PICRATE was obtained (rom NSWC,
Yorktown Divasion

The determinaction of solvent was based on the solubility charmeteristics of the explosive.
Other considerations in solvent selection were the velatlity and oxicity of the solvent,
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Table 3,1, helow lists the sxplosives, the solvents used and the spiking conceninlion,

TABLE 3.1
EXPLOSIVE REFERENCE [ CONCENTRATION |
TATE Lot/ HE070-135-01 ; | 33 14ugial
AP Loo 7406 WATER/ACETONE | 11134
WITROMNAL CegdnlI-5L, Imenf?3-T21 ACETONE 4.945
Resorcimalfsd, EC Aldnch
PICEATE Yorkiown | WATER/METHANOL 198585
TETRYL Reff1377] ACETONE 3Rl
TN MG LotEIHI0-06-NG L El- | ACETONITRILE(ACHY 6657
001 ACETONE
NC LotiradS2ri00-053 ACETONEACN | 5518
HMX Ref#13934 ACETONEFACN | 3731
RN Lab% 28013 ACETONEACH 3919
TNT Lab%a291594 ACETONEACN 4657
HBNG Lo THE 1 LO0Z-053 METHANOL 3836

4.2 Determiination of copcerieeiion
The appropriate volume of solution spiked on the plates or anvils was determined by the
following calculation:

[(Comtamination levelj Area) [ Spikng comcentsation]

For cxample, using TATB, friction plate with o test area of a0.2em’ and contamination
leve] of 200usfem®, the caloulated volume of spiking solution is:

[{ 200 e W4 . 2] 33, Liug il }=242ul

The eoncentrations of the spiking solutions used are listed on Table 3.1, The area for the
large anvil was detzrmined o be 7.54em’. The area for the small anvils wis determmined
be 0.28cm, .

4.7 Conteninaion of plates amed aeevily

The plates and anvils were spiked with the ealculated volomes of explosive solotions, A
100l eppendort pipette was used to measure and dispense the explosive solutions. The
operation was performed m a lnborstory fume hood where solvents were allowsd fo
SVapOratE at FOOMm teTpeTT tuTe

4.4 Documentation

Surfaces of the spiked anvils and plates wese recorded using an Obympus DA0OL digital
camerz, The records wers transferred to a compact disk and provided to Code 370
personnel.
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L0 Introduction
The purpose of this decument is o establish the methed used for extraction and analysis of
control plates and anvils previously contaminated with explosive.

The extraction and analysis of explosive residue on plates and anvils was done in sccordance
with the TEST FLAN T ASSESS THE SENSITIVITY LEVELS OF CONTAMINATED
SURFACES TO ESTABLISH NON-REACTIVITY LEVELS, document nurmber 37209,

2.0 Obhjective
The objective of tis dociment is to detail the method for extraction and analysis of explosive
residue on the test materials; friction plates, and anvils. These test materials were controls
used in sensitivity lesting.

3.0 Apparatug

30 Tmpect Test

The anvils supplied by Code 370 personnel were cylindrical in shape, with the dimensions
1,25 inches long with a 1.25 inch diameter, For this test series, the standard stecl, type 12
anyil, with the aforementioned dimensions, was replaced with anvils of the same
dimensions made of the designated materials, woed, conerete, metal and transite.

32 Fricilen Tese

The friction plates supplied by Cosde 370 persennel were of the same dimensions as the
standard friction plate, 2,25 by 6 inches. For this test series. the steel type plite was
reploced with plates made from the designated materials, wood, concrete, metal and
transite.

3.3 LND Tesy

The anvils supplied by Code 370 personnel were cylindrical in shape, with tle dimensions
0.25 inches long witl 2 0.2% inch diameter. The anvils used were the standard stecl tvpe
anvils,

3.4 Laborafory reggents

All reagents nsed were optima grade. The reagents used for this test series inclade
acetanitrile, acetone, methinol and 13 chm water. Helivm gas tank equipped with Dryrite
gas purifier, part number 27068, or equivalent, HPLC grade sodium carbonate, HPLC
erade boric acid, 5% tetr-n-butylammonium hydroxide, and ultm-pune concentrated
sulfuric acid

3.5 Oiier materials

Glassware including 100mL volumetric flasks, 23mL volumetric flasks, 20ml. scintillation
vials, S0mL beakers and .5 X 4.5 ¥ 2.5 Pyrex loaf pans. Repipetor capable of delivering
a 10mL volume, Syringes and adaptable 45ubd flters. Hewlett Packard 1100 series liquid
chromatngraphy system equipped with o photodiode amay detector, Thonex 500 series ton
chromatography svstem equipped with an anionic conductivity detector. Spectronic 20
Genesis ['Vevis single wavelength spectrophotometer, Chromatography columns
including; Agilent lvpersil ODS, Sum, 2.1 X 100mm, or muu.'al._m Phenomenex
phenoael 3, 100 A, 300 X 7.5mm or Lqmv.ul.,n:, Ultrastyrogel 107 A or equivalent and
Luma 250 X 4.60mm, 5u, C-18 or equivalent. Autosampler vials including 2mL clear
crimp-top with Teflon seals, and Dionex Sml. vials with filter caps. Crimper for 2ml
vials. Aluminum foil.
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4.0 Procedures

4.1 Extraciion of explosive from arvils and pletes

Friction plates wers placed in £.5 X 4.5 X 2.5 Pyrex loaf pans for extretion of explosive
Impact anvils were placed in @ S0ml. beaker for exiraction of explosive. ESD anvils were
placed in 20mL scintillation vials, The plates were covered with 100mL of solvent,
impact amvils were covened with 23mL of solvent. and ESD anvils were covered with
10mL ef solvent, Appropriate selvents are listed i lable 4.1,

Al plates and anvils were coversd sath alumimem foil and allowed to soak mn the
extraction solvent for a mimimum of 24 hours, Solutions were periodically agitated by
Tiand while soaking.

Following extraction, the 100mL. of selvent used to extract the explosives from the plates
Salvent wozs quantitatively transferred to a 100mL volumetric flask. The loaf pans were
rinsed with the rinse olvent being added to the volumetric flask. Similarly, the 25ml. of
solvent nsed 1o extract the explogives from the impact anvils was added 1o 2 25ml
volumetric flask. The beakers were rinsed, and the nnse solvent was added to the
volumetric flask

The extraet solutions were brought to volume. An aliquot from each solation was drawn
nto a syringe and filtered through a 45um filter into the appropriate aumszmpler vial,

Table 4.1
T EXPLOSIVE SOLVENT
"~ TATB DIMETHY LEQRMAMIDLE
AP WATER
NITRONAL ACETONITRILE
PICEATE WATEE
TETREYL ACETORITRILE
NG ACETONITREILE
N TETRAHYDOFURAN |
HMX ACETONITRILE
DX ACETONITRILE |
THT ACETOMITRILE |
HENG ~ WATER

4.2 Instriomentel anpalysis of explosive exiract

A Hewlest Packard 1100 series L equipped with a photodiode amay detector was used in
the determination of HMX, RDX, terryl, THNT, nitranol, and MG, The following are the
mstrumental pometens:

Cohamn: Luna 250 X 4.60mm, 5o, C-18
Eluant: 70% acetoniirle30% 18-olm water
Temperature: ambient

Flow rate: Iml/min

Wavelength: 215 and 2544

Injection volume: 10ul.
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A Dhiowex serics 500 1C was equipped with an anion conductivity detector was used i
determination of ammonium perchlorate. The following are the instumental parameters:

Column: Agilent hypersil OIS, Jum, 2.1 X 100mm
Ehwant: [53% acetonirile

15g boric aeud! F000mL

2md tetra-n-buty lammaniom lydrexide

55% 18 ohm water

degas then add 0,253 sodinm carbonate 1000mL
Temperature: ambigent
Flow rate: 0.7 mLSmin
Injection volume: 25l loop
Regenerant: SmL ultra-pore sulfusic acid! 4L 18-ohm water, degas
Kegenerant Qow; 2ml/min

A Hewlent Packard 1100 serics LC equipped with o phetodiode array detector was vsed in
the determination of M. The following are the instrumesial pasameters:

Columns: Phenomensx phenogel, 1000 A, 300 X 7.8mm, and Ulrastyrogel 10 A
Eluant: Tetrahydrofuran degassed blanketed with He at 3 psi

Floow rate: Iml/min

Injection volume: 10ul

Temperature: 300

Wavelength: 2114

A Spectronic 20 Genesis TN'Vovis single wavelength spectrophotometer wiss used o
TATB and explosive D analysis, The wavelength used was 4220,

4.3 Generation aof Standard Curve

For all of the analysis described in section 4.2 above, a standord curve was generated. The
curve consisted of 2 series of standard solution spikes. Explosive Lot members used for the
standard solutions are listed in Table 3.1 in the document Method of Spiking Plates and
Anvils for Sensitivity Testing of Wood, Conerete, Metal and 1Fqlllbl1l..- Snrfaces
Contuminated with Ammonim Pmrar.c Teiryl, e, Mironal, HENG, A, NC, TATE,
THT, RDX, an:j_.:\.]f' The detector response was plotted as a function of concentration. In
all cases, the detector respense was linear. A correlation eoefficient of 0.99 or better was
attwined lor all standard curves. Included in each standard curve was a spike from the
standard solutions used in spiking plates and anvils for sensitivity esting,

Ao Calealation of Field
The total weight of explosive on the plate, using a plate spiked at 200ugiem” as an
example, is calculated as follows:

2uglem’ ¥ 40.2em” = B040ug total

The value, 40 2cm® | 15 the area of the friction plate surfage that is spiked with cxplosive.
The standard curves were penerated in standard concentration wnits of parts per million
(ppm) of explosive. Therefore, the concentratton of explosive expected is caloulated as
follows:

(B0 00z 100mL K 1000mLA L Lo/ L00Cag ) = S0.4ma/L
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From section 4.1, the 100mL, in the ahove expression, is the volume of extraction solvent
used for friction plates. The unit, mg/T. | is synonymous with ppm. Therefore, for the
friction plate spiked with 200ugicm’ | the expected concentration of explosive is 80 4ppm,
This information can be wsed fo caleulate the expected conceniration of explosive for
friction pltes spiked witl oiher amounts of explosive. The following 35 an example of
such o caleulation for a plate spiked with 00ugicm® of explosive:

[ﬂl.’].-imnn-‘lﬂﬂu_r:,-'cn1":| X SIIIEIug."cm! = W 1ppm

Table 4.2 lists the expected ppm values for the extractions of all of the explosives from the
plates and anvils spiked at different concentrations. The caloulations for the anvils 2re
done in the same maner a5 the calenlations deseribed in this section, The area used for the
impact anvil calenlation is 7.54cm’ and the arca used for the ESD anvil caleulation is

0. 28cm’,
Table 4.2
Friction Impact EsL
Plate Anvil Anvil
Spike. Expected Spike Expected Spike | Expected
ugfcm’ ppm Ui ppm uglem’ PRM
200 R4 200 G0 S50 1.4
500 201 S0 150.%
750 a0z 750 2362 =
5.0 Results

51 Percent recovery

The expected recovery for all of the spiked test matenials is 1isted in Table 2.2 The
extraelion solutions were run against standard curves generated as deseribed in section 4.2
amdd 4.3 of this document.  The concentration for each solution was caleulated using the
equation of the line genceated in the standard curve, Results of the concentration were
obdained in ppm. Recoverics listed as a percent of the total expected recovery is lsted
helow in Table 5.1,

5.2 Analpdical Interferency

Explosive D and TATE were both analyzed using & single wavelength detector withon
pring separation. The correlation coefficients were 089 or better for the stamdird curves
generated. Specifically, Explosive D and HEMNC both have absorbance maximems i the
vellow repion of the visible spectra, The higl recoveries are most likely dus o
interference. A potential inferference is the yellow from the oxdation of meral.

The nitrano] ¢hromatogram showed some interference i fhe TMETN and TEGDN peak
windows, The BC peak was well separated from the majoricy of the peaks in the
chromatograns; therefore EC was used to quantify the nitranel, Although TMETN and
TEGDM standard curves hod a correlation cosfficient of 0,99 or better, the EC was lower
Mitramal 45 o mixtare of Tour compeunds within o specified range of amounts. Using only
one standand spuree, a correlation better tham 0,99 is obitained.  The curve conld nof he
verified using a seoond source stimdard, therefore the confidence level i the results table
is recorded as < 5%,
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Table 5.1
Explosive | Testmuerial | Spike {ugfom’) Recovery [5n)
Tetryl Cement Anvil | 200 3 o
Tetryl Besin Anvil =00 )
Tetryl Cement Plate | 500 3 ]
Tetryl Fesin Plate 00 6.5
HEM Cement Anvil | SO0 ND

HENL} Eesin Plate | 200 15.3
BN Cement Plate | 286 DG |
AP Eesin Plate 750 23 =
HMX Cement Anvil | 750 52

| HMX Cement Anvil | 500 15
HMX Cement Plate | 500 5
HMX Cement Plate | 500 18
THT Resin Plale | 200 3 =
WG | ESI} Anvil 50 ™I
MG Cement Plate | 200 I

NG Wood Plate 500 42.4
MG | Metul Plae 500 NI
NG Resin Plate B NI
NG Cement Plate | 300 WD ]
Explosive b | Wood Plate 200 a5
Explosive I | Resin Plate 200 BG

| Explosive I} | Cement Plate | 200 132
Enplosive v | Metal Plale 200 |12
Explosive I | Resin Anvil | 200 103
Explosive D | Wood Anvil | 500 14
Explosive O | Cement Anvil | 500 5]
Explosive [ | Metal Anvil | 200 125 |
Mitranol ESD Anvil | ] WD
Mitranol Wood Anvil | 200 <5 =
Mitranol Hesm Anvil | 300 <5

Wil Cement Anvil | 200 <3
Mitranol | Metal Anvil | 200 )

Mitranol Meml Plaie | 500 NI
Mitranol “Wood Plgte | 500 =3
Titrancl Cement Plate | 300 < 5 B
Mitranol Hesin Plate 500 <5
MNC Fesin Plate | /500 interference |
M Cement Plate | 730 | interference
MC Cement Anvil | 200 | interlerence

6.0 Conclusions

Across the range of explosives and materials, the recoveries arg very low. Ttcan be anticipated
fliat the porosity of the wood, resin (ransite) and cement may lower the recovery. The metal
test materials however should have recoveries approaching 100% if the explosive were still on
the surface, All of e explosives have some vapor pressure and go off as o gas over time. The
process of becoming a gas is hastened by increasing the temperature, or by cusents passing
over the surfaee. Further, in the case of THT, if ot the other explosives, there = some
photodegradation.

E-8
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Appendix F

RESULTS OF SENSITIVITY TESTING
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1

Introduction

The purpose of these tests is W assess the sensilivity of contaminated surfaces to establish
non-reactivity levels of AMMMONIUM FICRATE, TETRYL, NG, NITRONAL,
HEMNG, HMX, NC, TATE, TNT, RDX, and AP on wood, concrete, metal, and transite.

The testing was dene in accordance with test plan prepared by Lisa ALLT and Paul
Wallman—TEST PLAN T ASSESS THE SENSITIVITY LEVELS OF
CONTAMIMNATED SURFACES TO ESTARLISH NON-REACTIVITY LEVELS,
docoment number 370002109,

2 Objective

3

i1

32

The obyjective of this testing is to determine the minimum explosive concentration level
that will cause a reaction on an impact, friction, or ESD machine using various explosives
at various contamination levels,

Test Apparatus and Hardware

Impact Test

The apparatus used is the NOS Impact Tester. It uses a 5 kilogram drop weight, type 12
steel striker, and the supplied anvils as described in the test plan.

Type 12 tooling consists of 2 1.25 inch diameter by 1.25 inch long cylinder of hardened
steel uzed as an anvil, with a 1.25 inch diameter by 3.3 inch long eylinder of hardened
steel used as a striker.

For this test series, the standard type 12 anvil was replaced with anvils of the same
dimensions made from the designated materials: wood, congrete, metal, and transite,

For this test serics, the drop height vsed was 1000 millimeters, which is the maximuam
height available for this impact tester.

Iriction Test

The apparains used is the ABL Friction Tester. It uses a steel friction wheel, and the
supplied friction plates as described in the test plan. The standard plate velocity of 8 feet
per second was used,

The friction surfaces consist of a 2 inch diameter by 0.125 inch thick wheel of hardened
steel which slides scross a 2,25 by 6 inch plate. For each trial, the friction wheel—which
is stationary—slides 1 inch across the friction plate,

For this lest series, the standard hardened steel friction plate was replaced with plates of

the same dimensions made from the designated materials: wood, concrete, metal, and
Lransite.

Page 3
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3.3 ESD Test

The apparatus used is the ABL Electrostatic Discharge Tester, It uses an approaching
gap electrade, and operates at 3.8 kilovolts with 12 different capacitor levels.

The sample holder is a 0.25 inch diameter stainless steel pin surrounded by a teflon ring.

For this test series, individual steel pins were supplied, contaminated with variouws
materials.

4  Test Procedures

4.1 Impact Test

In general, SOP P30981 is the procedure used to test materials on the NOS Tmpact tester.
Procedures specific to this test plan are as follows:

4.1.1 Replace the standard steel anvil with the supplicd contaminated anvil to be tested,

4,12 Place the standard steel striker on the anvil and drop the weight from 1000
millimeters,

4.1.3 Record any of the following as a positive reaction: sparks, flame, smoke, noise
heyond ambient inpact noise, burn marks, charring. Record the type of reaction
when a posilive ooours,

4.1.4  If a negative reaction occurs, repeat steps 4.1.2 and 4.1.3 until 10 negative
reactions are recorded.

4.1.5  Aller the test, remove but do not elean the anvil.

4.2  Friction Test
In general, SOP P30979 is the procedure used 1o fest materials on the ABL Friction
tester. Procedures specific to this test plan are as follows:

4.2.1 Replace the standard steel fnction plate with the supplied contaminated plate to be
tested.

422 Lower the steel wheel onto an untested and contaminated area of the plate and
pump the pressure (o the desived level.

4.23  Drop the pendulum from the 8 feet per second position,

4.24  Record any of the following as a positive reaction: sparks, flame, smoke, noise
beyond ambient friction noise, burn marks, charring, Record the type of reaction
when o posilive occurs.

4.2.5  If a negalive reaction occurs, repeat steps 4.2.2 through 4.2.4 until 20 negative
reactions are recorded,

426 After the test, remove but do not clean the plae,

The pressure on the plate varied depending on the surface. Metal and transite plates were
tested at 980 psig, which is the maximum pressure used on this friction tester, Concrete
plates were tested at 180 psig, and wood plates were tesied at 100 psig. These lower

Page 4
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4.3

pressures were used to ensure that the wheel would slide across instead of dig into the
surface.

When a reaction occurred, the 20 TIL method was used to continue the test, For the next
(rial, the pressure was changed to the next lower level, which is approximately 75% of
the previous level. This method was used to confirm that a reaction occurred, and o
determine an energy level that did not cavse a reaction,

Sy Test
In general, SOP P30U0O5 is the procedure used to test materials on the ABL Electrostatic
Discharge tester, Procedures specific o this test plan are as follows:

43,1 Instead of the standard sample holders, use the supplied sample holders that have
removible anvils,

432 Place an untested ESD anvil into the sample holder and place the sample in the
lester.

4.3.3 Charge the 0.5 microfarad capacitor (8.33 joules) and discharge the spark into the
sample.

434 Record any of the following as a positive reaction: sparks or flame beyond
ambienl spark discharge, smoke, noise beyond ambient spark discharge, burn
marks, charring, Record the type of reaction when a positive ocours,

4.3.5 Repeat steps 4.3.2 through 4.3.4 until all 20 anvils are tested.

When a reaction occurred, the 20 TIL method was used 1o continue the test. For the next
trial, the capacitance was changed to the next lower level, This method was used o
confirm that a reaction oceurred, and to determine an energy level that did not cause a
rEaction.

5 Resulis

51 Description of Results

511

512

313

Refer to the appendices for the raw data from each individueal test.

Impact Tests
Mone of the impact samples exhibited any reactions.

Friction Tests
Only one of the friction samples exhibited any reactions, and that is NC on metal at 750
wefem®, Sparks were observed at 980, 750, 360, and 420 psig.

ESD Tests

All three ESD samples—AMMONIUM PICRATE, NG, and NITRONAL—had reactions
to ESD, but only small reactions were observed with no visible change seen in the test
specimens. The reactions were either a yellow flash or yellow sparks.

Page 5
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5.2  Resulis Tables

527 Impact Test Results

Table 5.2.1 Impact Test Results
Contaminant Subsirate | Concentralion Fesult
AMMONIUM PICEATE 50 pgfem’” 0 reactions
EE pafem’ 10 reaciiong
steel 1M .ug.l'cmz | no reactions =
200 pgem® | no rections
S0 |.|;:,-'<:mR no reactions
200 pglom” no reRctions
Iransile -E&{lﬁp_gf«';m‘ | P resctions
T50 |.|;_1-'{:,|:|12 N reRclions o
00 |.|g-’cmE N Feaciions
winad | 500 |Jg.'|:|'r|.‘ no reactions
A0 pgfem’ no reactions
I EUE)up’miz_ | e reactions
conerete | SO0 pafom’ ne reaclions
TA0 pgdem’ o reactions
AP steel S0 ||g,"|:|'|:|! o reactions
| [ 200 ug."cm1 1 FEAElons
transite I S04 ugﬁ:m‘! no reactions
:ﬁﬂﬁn!_ “no reactions
IHBNQ steel 750 pafom” o reclions
2080 pg.fcml T TEacLions
transite 500 |sﬁ.|-'-:rn-l o reactions
750 pglem’ 0 reactions
200 g pdem® 0 reactiong
" concrete | 100;&;’;]* | mo menctions
750 pplem’ | no renctions = =
HMX steel T80 ppiem” N0 rEpciions
200 pg.l’-'.'m: U ho resctions e
iransite 500 |.|r.,_:n'{;:rn2 | no resctions
TAD pefom’ ‘no reactions
20 ppjcm: no reactions
conrele 00 pgiem’ no reactions
|50 pafent’ N reactions
Page 6
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NC _ SO0 pafem’ no reaclions
b 50 pgiem’ no reactions
200 pglem’ 0 FEAclions
iransite | 500 pfem’ T FeALions
i_ﬁ-:n:l::'l naicm’ no reactions
| 200 pafem’ o reactions
concTele : 500 ppfom’ 16 FEACians
| 750 ug.':v::.m! o reaclions
NG A0 pgicm’ o Feactions
75 pafen? N0 FEACtions
steal 100 r..Lg."cn'.l! : T TEAClions
200 pgiem o reactions
. S04 pgiom 1o Teclions
| 2060 pedcm no reactions
| transiie S00 pgfom’ o reactions
| T80 paden’ 10 TEACTionNs
- ?.'L'I:J'ug."cm o reaclions
wind SO0 pgfom’ no reaclions
750 pglom’ no reactions
200 pgdem’ 10 FEACTions
concrels A00 pgfom’ 140 TEACTIONS
750 pafom” 0 TEClions
NITRONAL 30 pgdem’ 0 renctions
75 pgfom’ 0 TEOClions
aneel 100 pgierm’ 1o reactions
200 N-_."r;m! o Teactions
500 pplem’ no rencliong
200 ".lg.i'cml no reactions
4 transite 500 pofom’ 1o Teactions
750 ppiem’ o Teactions
200 pplem® no TeActions
wond SO0 pagfem® 10 TEAclions
750 ppfom’ o reactions
ihﬁhé.-’:;a' o rEactiong
conerets 500 ng."HI.'Il | no renctions
T50 pglem® o reactions
R steel 500 pgfem A0 rERtinng
i 200 pglem” " ho renctions
transite 500 pgn'cni!m | no resctions
Ta0 pglem’ | no reactions

Page 7
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522

TATE steel Ta0 o’ no reaclions
200 pgfcm’ no reactions

Lransils S00 pglem’ 4 rEaclions

| 750 uﬁ."cm! o Teaclions

| zo0 ugﬁ:ml o reactions

| concrele 300 pgicm’ no reactions

| T30 ppiom’ 10 rEACliong

TETRYL steel 750 ugfcm! no reactions
200 pgicm’ 1o reactiong

Trangite 500 pglom’ 1 Feactions

750 plom’ 10 redclions

200 pgiom” 1o relelions

concrete S04 ug."cml 10 Teaciions

150 pgfem” no reactions

THNT stec] 200 ppiem | o Tenctions
200 y_m.-'r_':'l:iR no reactions

fransite 300 pglem® no reEactions

750 pgtem® no renclions

Friction Test Resulis

Tahle 5.2.2 Friction Test Results

Subsirate | Concentration

Contaminant | Result
AMMONIUM PICRATE | 50 pgiem® no reaslions
| 75 uglem® no reactions
et O B e e
| 200 ||g.'|,'m: no reactions
T 00 pglem’ 0o reachions
| | 200 pglem’ noreactions
transite S0 LL'g."cm! no réaclions
Ta0 pgfern” no reactions
200 pafern’ na reaclions
| wood 500 pgent’ 10 TEACTions
750 ug."-::i'-l! | o renetions
200 pgfom” T Teaclions
conerete __Sﬁﬁ'";.l-ﬁé'r'ﬁz 1o reactions
[ TS0pgem® | no reactions
Page &
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AR A 00 paiom” N reactions
00 pafem’ no reachions
200 ng.'rﬁ:'mi 2 ' no reactions
transite 300 pafcm’ no reactions
TA0 pgicm’ 16 FEACtons
HEMO 200 ug{cm" no reactions
transite 00 pgicm’ no FEActions
TS50 up"l.:mr_ 10 reactions
HMX = 73 pglem’ no reactions
B 100 pgfem® 1o reactions
| 200 ug.fcm! noreactions
transite 300 pafem’ no reactions
TA0 pofom’ 1o reactions
| 200 pgﬁ:m! o Feactions
concrele | 500 pgfom’ 10 FElons
T80 pyfem? o resctions.
WNC steel TA0 paem’ REACTIONS: sparks abserved
200 pgdem® no reactions
ansite | 500 pgfem i resclions
750 pgiom’ N Teackions
200 pgiem® | noreactions
concrele 500 pg em” B0 TEACLionS
750 pfem® T TEfElons
NG S0 pgfom’ 01 TEACTonNg
steel 75 pghem” o reactions
100 pgfom® 10 Tensiions
W00 pglem” no reactions
fransie 300 pgiem® | o reactions
T30 pplem™ no repctiong
200 pglem® | no reactions
wood 500 j.lg."’:!l'l'l: | no reactions
750 pgiem™ no reactions
20 pglem’ ni reactions
cOneree SO ||g.|'¢mI A0 rEACiinns
TSEI-_uEﬁ,m _ e reiions
Page 9
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MITROMAL Sugfom” O reR s
75 j.lg.l":.'mz ne reschions
steel CI00pgiem’ | nereactions
| RO palem’ no reactions
| s00pgiom’ ng reactions
fr= [ 200 paiem’ e peions
| wansite | 500 pgiom’ ne reaclions N
 Ta0pgiom’ | noreactions
200 pgiom’ no reactions
wood 500 pafom’ no reaclions
| Ta0 paiom’ 5 reaclons
200 pfom’ o reactions
concrele. | 500 pgiom’ o reactions
| 750 e’ 4 reactions
ROX = 75 pgicm’ no reactions
100 prfem® b0 reactions
200 pgfem” no rEEions
transite 500 pgiom® no reclions
P50 pgfiom” 0 reactions
TATE steel S00 pfem” 10 reiciiong
200 1.1_,|_r:.l'n:rr'|1 o repctions
fransine 00 pglem” 10 reactions
T pplem” ) TEactiong
200 pgfem’ | noreactions
concrete 500 j,ig.fc:iﬁ: no Lhong
750 pgfem’ [ o renctions
TETRYL T 75 pglem’ _ |no n:m:tnnﬁ
1 pgfem™ no relciions
r 2-’.Ill}j.|g',n'»::_rﬁ2 | no reactions =
ksl SO0 pgn'cm’{ no reactions
Tabpglen® | noreactions
i p tln'l.'li'l! nee rekclions
concrete | SO0 pgfem’ noresclions
Wrﬂw"_ " no reactions
TRT ; 200 |.Lg.’i:rr:2 e reachions
4z [ S00 pgiem” no reachions =
200 e’ na reactions =
transite 500 pgplem’ 10 Teactions
l 750 .ug."-:;m! T4 FEACHORS
Page 10
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5.2.3 ESD Test Kesulis

Table 523 ESD Test Results

Conbamininl Substrate | Concentration Result
AMMONIUM PICRATE 50 yg.-'cml renctions =
steel m:'_ | reactions *
101} |urj-::m? reactiong =
WG A J:_g.l'cm’" reactions *
sleel I pplom® reactions =
100 g;'\':.{: i:-
NITEONAL 0 pgfem”
sleel 75 1.| E‘lﬁ-:r_l:
! Lo |.|;_:n'<;|1'12

+ Small yellow sparks and Hashes were observed in additicn to the normal sparck dischacge, but no
visible changes wers seen in the fes) specimens,

6 Conclusion
¥ " il
Friction lesling vielded only one material with reactions—MNC on metal at 730pgfom”,
Thiz material should receive urther investigation. It is possible that a larger
concentration or some contaminant could have affected the results,

All ESD tests vielded reactions, but these results do not indicate a sensitivity to
electrostatic discharge. The reactions deseribed—yellow sparks and yellow flash—can
be achieved by a minute quantity of material reacting to the discharge, The lack of any
visible change to the test fixmre indicates that the reaction was minor, and did not
propagate across the surface of the fixture, Testing the ESD anvils for concentration of
remaining materials can confirm the amount of material consumed in the test,

Page 11
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10702508 16:08 FAX

e LI RHIN

5100
Ber 350DR/293/dr
2 Cetober 2003
MEMORANIMIN

From: Steve Sullivan 350
Tor Paul Wallman 3700W

Subj: SENSITIVITY TESTING FOR NG CONTAMINATED STEEL PLATES
Ref: (a) Reguest by P. Wallman, Code F70PW on 30 September 2003,

1. Steel ABL friction plates contaminated with the following materials were tested
for friction sensitivity:

contaminant conecentration  res ults

NG 75 uolcm2 sparks (al 580, 750, 540, 420, 315, 235, and 180 psig)
NG 50 pglocm2 sparks (st 980, 750, 560, 420, 315, and 235 psig)
NG 25 pglcm2 no reactions

MG 10 pglemz no reactions

2, The tests were completed on October 1 and September 11, 2003, Testing was
conducted at NSWO Indizn Head, in the Hazard Characterization Lab, Building
= A8,

3. Ifthere arc any questions, please call the Hazard Characterization Group at
301-744-4108 or send a FAX at 301-7T44-4116.

: Mt A Lo
fb &i/‘\ Z/?/ Efm\__” Steve Sullivan, Code 350

checled & certified by Daniel Remmers

ce 300DR
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ABL FRICTION TEST

sample name: NG contaminated Steel date: 11403
sample 1D: 75 ugiem temperature: sl e
sampde prep: residue relative hurnidily: 35 %
requaster: Lisa ALEPaul Wallman
aperator: T, Tolson
paig 1 2. 3 4 6 6.7 8 9 1011 12 1314 15 16 17 1BI 1920 COMMmEnis
[ g80 | l! . | RN | | | | |sparks L
SRR mEEEEEEES AN
| s80 [0l0f0|D (ool [ ' | ‘ |sparks
: 420 | 1 Ll | _ | | I 1l | | .Spil.rk:i
| 315 .1' | I | [ | | | | sparks
| 285 [o]olofofolo]1] LT T T T LT [sparks
._1?-5!'=?'Dﬂi9‘l}'ﬂﬂ [
| 100 | |
75 | | | =
55 | | L] .
‘ 40 | i e ‘ ‘
| s0 | | EEEEDT
1 = positive reaction (fire) The thrashald initiation level (TIL) s the level al which 20 negalives
0 = negative reaction (no-fire) are obsarvad wilh al least one pozitive at the noxt higher level.

20 TIL Friction:

Tested on ABL friction taster: at 8 fises, with staal wheels
0 psig and steel anvils, in building 88 room 104
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ABL FEICTION TEST
sample name: NG contaminated Seel date: 041103
sampie ID: 30 pgfiom2 ternperatun; 23 ¢
samplo prep: residue relative humidity: 38
requnston Lisa AN Paul Wallman
operator: T. Tolson
psig 1 2 3 4 § 6 ?. | R 1']_ '-‘-_ 12 13_ 14 15_ 1&_ 17 IE._ 19 213_ COMMEnts
lesofojolil | VL VL[ LT PET [T | [spark
7e0 (00000 l}_!l_ | | | | | | |sparks
560 |1 : ‘ sparks
420 (0[0f0j0f0f0 1 sparks
318 | 1) | | i [ | ) | _ | |sparks g
2as [0f0jof1) | | | [ || spark
180 0‘ Bl
185 | | | |
100 [ |
| 75 | ' | ;
7= ] A I (SS{1)
= 4 | || ‘ E
so | || | | }
1 = positive reaction (fire) The threshald infiation level (TIL) i the fevel al which 20 negatives
0 = negative reaction (no-firg) are observed with a least ons posilive a1 he nexl higher bevel,
= Tested on ABL friction lestar; al 8 it'sec, with steel whaels
20 TIL Friction: 0 psig and slael anvils, in building 838 room 104
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Appendix G

UNIFORMITY STUDY TEST REPORT
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B000
Ser 310JT/23/50m
16 Decembear, 2002

MEMORANDUM
From: 31007
Tao: AT0LA {Lisa ALIT)
Via: 310
Subp: UNIFORMITY STUDY OF HMX CONTAMINATED FRICTION PLATES
() Memo 370LA 2 ded Oct. 02
(h) Testing Plan (HMX2.doc) transmitted by email on 5 Now, 2002
{e) Memo 3T0LAST/ 2 ded Oct. 02
1. Anyour request, Teference (a), o uniformuty of contamination study was performed on three friction plates
contaminated ar 300 uplem’, 100 ug'cm!_ and 50 ug,-'..;rn!. A general testing plan and cost estimate for the
effort, geference (b) - HMX2 doc, was provided by email on Movember 5, 2002, The study was completed 123
December, 2002; this MEMO serves as the official reposting of the results ohtained.
2. The three friction plates used in the unifermity of contamination study, shown below, were previously prepared
Iy a separate analyst, per reference (o).
i S
The white crystals of HMX can be visually seen o the $00 ugfent’, 100 wg/em’, and to some degree on the 50
uglent plate. This visual inspection provides a quick, initial indication of the degree of uniformity of
contantination across the marked ofT areas. A more detailed surface analysis using recently acquired imaging
software will follow as potential explanation for the analytical results obtzined in this study.
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Subj:  UNIFORMITY STUDY OF HMX CONTAMIMNATED FRICTION PLATES

2t

Az outlined in the proposed testing plan, seven (7) samples were to be removed from each friction plate: Gve
(5) samples from the contaminated areas marked in black, and two (2) samples from the uncontaminated areas

immediately above and below the marked off rectangles. A sampling template, shown below, was provided by

code 370 0 identify and isolate the positions of interest. Operationally, the template was placed over each

| |0 2

friction plate, as ilustrated above, The emplate was carefully cleaned with organic solvent, acetoniirile, after
gach use to prevent cross contamination, A dimengional analysis of each openings on the emplute, using 2
digital |:a] iper, revealed an average diameter of 1.274 om (StdDey = (L00G cm), and thus a caleulated ArEdL of
128 e’ This caleulated area will ke used later 1o determine the levels of HMX contaminntion in ug! e’

4 Omgnally, it was proposed tha samples from cach test block be removed using a munimem of three sampling
sanbs saturated with @ solvent capable of removing the HMX, presumably acetonitrile (ACN).  The three
swahs would then be transferred to a single scintillation vial and extracted with 10-15 milliliters of ACN. Once
exctracted. the resulting solutions will ke filtered through o 0,45 um filter into TPLC auto sampler vials, and
amilyzed by High Performance Liguid Chromatography (HPLC).

Prior to wtilizing this proposed sampling protocol on actual test samples, l|1l.' procedure was cvaluated on
surfaces contaminated with HM at 300 ugiem’, 100 ug/enr’, and 50 ugfont’ levels, Since an uncontaminated
friction plate was not available, watch glasses were selected to stmulate the smonth surface of the friction
plates, Contamination at the 300 and 100 ugfem’ bevels were mirde by adding 250 ul and 30 ol of a freshly
prepared 2016 ug/ul HMX stock solution to cach watch glass surfice, respectively. Contamination at the 50
ug/em® level was made by the addition of 50 ul of a 1O vgful HMX stock solution to the watch glass.

A proposed, HMX was removed from each witch ghiss using three (3} sampling swabs saturated with AL,
The theee swahs were subsequently frunsferred to o single seintillation vial and precisely 15 milliliters of ACN
was added by a previously calibrated, class A, pipete. Tn addition o samples from the contaminated surfaces,
procedural hlanks consisting of three clean swahs were also prepared to identify any potential HMX
comtamination in the procedure {swabs or selvent) and nterferences o the analysis. The HMX was extracied
from the swabs by gentle ultms-gonication for thirty (30) minates. The extracted solutions were then filtered
through a .45 wm |"|.._| into HPLC awto sampler vials and placed in the HPLC for anilysis
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Subj:  UNIFORMITY STUDY OF HMX CONTAMINATED FRICTION PLATES

The resulls from this preliminary evaleation are sammarized below:

HMX (215 nm) HA® (230 nm}
ares height area hixig
5.74 5.58 b3 566
572 56T 5.62 565
111.24 110.11 10821 10882
0.00 0.00 0.0 000
.00 0.00 0.00 0,00
0.00 .00 (.00 0.00
0.00 0.00 0.00 000
0.0 0.00 0.00 .00
0.0 0.00 0.00 [E11o]
0,00 0.00 000 .00
0.0 0.00 000 0,00
0.00 0.00 0.00 0.00
443,47 444 BT 44584 446.01
443,24 43892 A440.27 430,83
BG.09 5,90 500 85.08
02.59 59.05 EBTS 87,96
02.99 43,76 BEaYT 88.70
4206 88.70 EE.00 gd.33
49,568 46,72 4580 45.73
46.87 46.08 45.35 45.74
43,80 90.27 BR.TS 83,93
5.91 5.76 2.69 S84
5.60 5.62 562 5.04
BYE 111.70 110,48 108,37 110.02
SPK 1 =855 SPK 2 =887 SPK3=803
FAoarage Recovary = 58,4

-

As cun be seen, the procedural Blanks (31, X2, and X2 did not show any HMX contamination, and there were
no significant imterferences observed in the chromatographic field. The average recovery for the spikes at 513
ugfom’, WO0LE uglent’, and 314 uglem® (SPE1, SPK 2, and SPK 3, respectively) was approximately 89.4 95
An ohservation made during the test extractions, namely that ACN from the saturated swibs tended 1o wick
away [rom thi swab and poal on the watch glass surface, might provide some explanation for the low
recovery, Although the swab was always capable of reabsorbing the zolvent. HMX could potentizlly have
been dispersed by that process.

[rn order o address the issues above, the following changes were made 1o the sample extraction procedure.
Firat, four {4) zampling swvabs would be used for all future extractions mther than three (3). Second, each
samrated swab would he blotied on a clean Chem'Wipe to remove excess solvent prior 1o 15 use. These
changes increased the average recovery of spiked samples to approximately 4.9 %, The specific resnlts are
tabulated in paragraph &, along with the results for the individual st plates.
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Subj:  UNIFORMITY STUDY OF HMX CONTAMINATED FRICTION PLATES

= 5. High Performance Liguid Chromatography (HPLC) was used to evaluare the HMX content of the extracted
samples. The specific analybcal conditions are given below:

—  HP 1100 series Liquid Chromatograph o/FDuA
—  Auto Injectorz 10 ul injection volume
Restek: Allure C18 3wm, 250 % 4 rom, analytical column
- 4060 ACMMHIO Mobile phase at 1 mb'min flow
—  Column Ovven at 35 degress centigrade
UV detector; 215 nom amed 2230 arme, PTRA scan from 15940 mom Ao G0 nom.

A sample chromatogram s provided, the peak ai 8.3 minutes is HMX.

L R

Prios 1o the analysis of the test speeimens, the analytical method was validated across the anticipated
concentration range of the samples (1 ppm o 200 ppm; six (&) analytical standards prepaced an roughly 200,
106, 50, 10, 5, avd | ppm were introduced inte the chromatographe: system. The Ggure below illustrates that
the relationship hetween HMX concentration and height response at a wavelengih of 215 nm is linear across
the expected concentrations range.

HHE Core. vi Rahpodis

-
a0 =
¥ = 0 3TH 5
i = 0 SERHATHE
200 -- - -
150
i
*
2
1
{Conc. (ppml
.G
105
| 40,32
i 103 FT.OE1496ET
0.15 14. 84035
1.03 2 Tdgel
a - - —
a ] 20 L A 530 il

Reapongn [heahs ai 3925
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HMK [pszre)

Suby:  UNIFORMITY STUDY OF HMX CONTAMINATED FRICTION PLATES

The r value, an indicator of the degree of correlation beroeen two dats sets, was determined o be 0.99990763.
It should be noted that an  value of 1000000 denotes a perfect cormelation,

With the sampling technique and analytical method validated, the 500 ugler, 100 wgieny, and 50 uglom’
friction plares were extracted and analyzed. The lincarity of the method was again verified acmoss the
amlicipeled concentration range using the six (6) analytical standards, previowsly prepared. Duplicate
imjections af each standard were made at both the beginning and end of the analytical un. The average of the
four determinations was wsed 1o cstablish the concentration curve, shown helow, as well as the response factor
used for the sample caleulations.

HME Cong, wa Respansi

7
1|

|
s HMK {E15 fm)y L]
Conc. {ppmj i il
I ]
%] ITE.BIDNED
L) H07 OTEIN TS
L 10.3 27 FH0A5TS
516 14, FaE1 625
1.0 27507
n : - =
] oo g 1] A L 00
Fasponss (Ragh an IS nim

[t should be noted that the average responses (o each standand did not deviate significantly from the previous
rusn, and the newly abtained 1~ value of 05999480 mdicates that linearity was conserved.

Within the total run, sach friction plate was analveed as its own unigue analyvtical batch. In this particular cise,
an analytical batch consisted oft o procedural blank, a method spike, and all seven (7) samples taken [rom o
single test plate. In addition o the inifal lnearity check for the total run, analytical check standards were nm
at the beginning, in the middle, and a1 the end of each barch of samples to verify that the relationship between
instrument response and AWM concentration remained constant. All check standards agreed within 3.0 % of
the tre value, and in oo cases were more thar ten (107 injections made between check standards,
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Subj:  UNIFORMITY STUDY OF HMX CONTAMINATED FRICTION PLATES

The resulis of the

= analysis are summarized in the twhle below.

Sample HMX {ug/cm2) | HMX [uglem2) | HMX {uglem2)
Method Blank 0 0 o
Splke 483 or 93.8 % 096.5 or 85.7 % 45.49 or 96.8
Sampling HMX (uglem2) HMX (uglem2) HM¥ {uglcmZ}
Pasition 500 ugfom2 Plate | 100 ug/om2 Plate | 50 uglcmZ Plate
X1 <15 0 0
1 65 13 &
Z 43 18 i3
3 50 22 &
i ] 18 )
5 & 12 3
= ®2 i} ] 0
Average o8 1 T
Standard Dewv. 17 4 2
RDS 29% 245 28%
At first glance, two observations l':ho'-fdlw_- the data are appaient. First, the results obtained are consistently

1 e 1 " ™
and significantly lower than the expected values: 500 ugiem®, 100 ug/cnr’, and 30 ugfom’. Second, there i
notakle vasiation in HMX concentration between the five positions sampled within o single contuminated plate,

Explanation for the fower than expected values can be found in the initial contamination of the three friction
plates: a careful Teview of available laboratory records revealed an error in the initial contamination process.
Records showed that the stock solution of IMY used to contaminate the plates was prepared by dissolving
0.3731 grams of HMX in 100 ml of erganie solvent, resulting ina 3.731 ugful solution. Subsequently ‘ Toul,
115 ul, and 57.5 ul of geck solution was applied to the marked off areas of the 500 ug/cnr’, 100 uglem’, and 50
|,|g.-'i:n1" plintes, respectively, Ascording to caleulations:

[[Concentration of Stock Sol'n)*(Velmne of Stock Applied)]=[(Wolume of Contaminated Area)]
[{3.731 '.|L_l"1||:|"‘[fi'."5 u!j'—.[[ 10.8 em2)] = 54 IJ{{."EI'I'E:
the true or actual contamination levels of the plates provided for the uniformity study were: 54 ugicm®, 11
i 3 & i 1 3 . "
ugiem’, and 5.4 uglom. As you wall notice, these values agree more closely with the experimentally
determined values.
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Subg:

UNIFORMITY STUDY OF HMX CONTAMINATEDR FRICTION FLATES

Possihle explanation for the variability observed in the stedy can be found in a more detailed look at the
contaminated plates themselves. As noted in paragraph 2, visual inspeetion provides the frst indication of
nos-uniformity of explosive contamunation across the designated test areas. This 15 mrasl prominent in the 500
ug/erm’ friction plate. A detailed surlface analysis, wilizing imaging software, provides o glightly more
quantitative prere of this phenomenon, Az shown below, the imaging sofiware s ahle o identify the whin
crystals of HMX (shown in red) and provide a density map based on color intensity (histogram, shown in
arcen.

ol i Bpe e el |

= ]

Ad interpretation, arcas with peaks protruding aut of the plane on the relief map correlate with stronger colo
intensitics, and thus higher concentrations of HMXY. Althowgh without extensive calibration this echnigue is
sermi-quantitative at best, locating the extructed arezs on the density map (blue circles) does pros icke some
ingight into the variability i HMX concentrztion ohserved on the 500 uplem” test plate. A% an example,
sample pesition two (2} — the second cirele from the right is located in an area with less TIMEX, secording 1o the
relicf map, than sample position four (4). This agrees with the experimental results: 5N 2 = 423 uglem2 and
SN 4 =26 ugiom?, .
I a similar fashion, a closer look a1 e 100 .L_u-,-'-::m= and 50 |.1;-'-:1T.J friction plates, also offers plaosible
cxplanntion for the experimental resulis ohtained. For example, although the TV contamination on thess

13 uglem

f - 1
Le uglen

22 umlent & upicm’

18 uafent’ 9 uglem’

—— 3 iglem’

12 ugicn’
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Subj:  UMIFORMITY STUDY OF HMX CONTAMINATED FRICTION PLATES

: twes platis appenrs more wnifem than observed on the 500 ug/crr® plate, it does not appear to be distributed

= across the entive marked off arca. 1 this is in deed the case, a very crude estimation reveals that only about 50
% of the tofal area marked offon the 100 ugfem’ plate would be contaminated with HMX (20% for the 30
uglem plate), This would increase the HMX concentration at fhe points of contamination on the 100 and 50
wgfem® plates from a previowsly caleulated 11 ugiom” and 5.4 ugfem” o approximately 18 ugiom” and 7
ugfem®, respectively. [n addition, based on the location of the extracted samples, high lighted by red circles,
the HMN concentrations obtained for positions 1 and 5 on the 100 ugdemn” plate and position 3 on the 50
uglem” plate should be lower than the other sampled positions. Both are consistent with the experimental
reslis,

A Ifvou Tave any further questions, plepsse contact lmnes Thomasson at 4135904812

M. THOMASSON 1 B
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